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SPECIFICATION FOR LUBRICANTS AND LIQUID FUELS, AND METHODS 
FOR TESTING. 


PART 1. SPECIFICATIONS. 
PREFATORY STATEMENT. 


This specification was officially adopted by the Federal Specifi- 
cations Board on February 3, 1922, for the use of the departments 
and independent establishments of the Government in the purchase of 
materials covered by it. 

The Technical Committee on Lubricants and Liquid Fuels was 
formed by the Kederal Specifications Board under the authority of 
Circular 42 of the Bureau of the Budget dated October 10, 1921. It 
is now constituted as follows: 


Department. Committee members 
Interior: = 52-2554 2esceceecccncecesescnes Mr. N. A. C. Smith, chairman. 
Intérior==sscctcosessascse oteteuet sense Dr. F. W. Lane, vice chairman. 
Agriculture.- 32 22222 ses clcendsceee sass Mr. B. A. Anderton. 
Shipping Board__----_------------------- Mr. G. M. Talbot. 
Post: Offices sac esensdetds ce eacaetieen en Mr. C. T. Coleman. 
Panama, Canal 22222 - sé ccsatencsceces Mr. W. A. E. Doying. 
Wales 2: sacataacenes ~Sasubesslceseceaee Capt. J. M. Ward. 
NAVY) 222s Sons oan she Aae lesa sae es nede Lieut. Commander D. B. Downer. 
Treasury )--2¢2-5222-22.sece555505e5s555 Mr. J. H. Vawter. 
Commerte: <2. Seloceeses esos eee cteoss Mr. W. 8S. James 
Commerce. s, 6a.42 sete conc cicencs Dr. C. E. Waters. 


To assist the committee the following advisory board has been 
constituted, consisting of representatives of several engineering and 
technical societies. 


Society. Representatives. 


American Society for Testing Materials_... Dr. T. G. Delbridge, chairman. 
National Petroleum Marketers Association. Mr. J. C. Nourse. 

Society of Automotive Engineers-__------- - Dr. H. C. Dickinson. 

Western Petroleum Refiners Association... Dr. C. K. Francis. 

National Petroleum /Association__._.._-.-- Mr. O. P. Keeney. 

American Petroleum Institute_-_--------- Dr. Van. H. Manning. 
American Society of Mechanical Engineers.. Mr. H. A. S. Howarth. 
American Railway Association_.......---- Mr. I. S. Raymer. 


The present committee, in recommending these specifications to the 
Federal Specifications Board, gratefully acknowledges its indebted- 
ness to previous committees and to the advisory board. 


SPECIFICATIONS FOR GASOLINE. 
AVIATION GASOLINE, FIGHTING GRADE. 
GENERAL STATEMENT. 


1. This specification covers the grade of gasoline used by the United 
States Government and its agencies as a fuel for fighting planes 
where the highest efficiency is required. 

2. The gasoline shall be free from water and suspended matter. 
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2 LUBRICANTS AND LIQUID FUELS, AND METHODS OF TESTING. 


PROPERTIES AND TESTS. 


3. Color.—Method 10.11. The color shall not be darker than No. 
25 Saybolt. 

4. Doctor test—Method 520.3. The doctor test shall be negative. 

5. Corrosion test—Method 530.1. One hundred c. c. of the gasoline 
shall cause no gray or black corrosion and the amount of deposit, 
when evaporated in a polished copper dish, shall not exceed 3 mg. 

6. Distellation range.—Method 100.12. The temperature limits for 
the distillation are as follows: 

When 5 per cent of the sample has been recovered in the graduated 
receiver, the thermometer shall not read more than 65° C. (149° F.) 
or less than 50° C. (122° F.). 

When 50 per cent has been recovered in the receiver, the thermome- 
ter shall not read more than 95° C. (203° F.). 

When 90 per cent has been recovered in the receiver, the thermome- 
ter shall not read more than 125° C. (257° F.). ¢ 

When 96 per cent has been recovered in the receiver, the thermome- 
ter shall not read more than 150° C. (302° F.). 

The end point shall not be higher than 165° C. (329° F.). 

At least 96 per cent shall be recovered as distillate in the receiver 
from the distillation. 

The distillation loss shall not exceed 2 per cent when the residue 
in the flask is cooled and added to the distillate in the receiver. 

7. Acidity.—Method 510.2. The residue remaining in the flask 
after the distillation is completed shall not show an acid reaction. 

8. Sulphur.—Method 520.1. Sulphur shall not be over 0.10 per 
cent. . 

9. The United States War Department requires the fighting grade 
to be colored red after inspection and acceptance. 

10. All tests shall be made according to the methods for testing 
contained in Part 2 of this paper. 


AVIATION GASOLINE, DOMESTIC GRADE. 
GENERAL STATEMENT. 


1. This specification covers the grade of gasoline used by the 
United States Government and its agencies for aviation fuel where 
the fighting grade is not required. 

2. The gasoline shall be free from water and suspended matter. 


PROPERTIES AND TESTS. 


3. Color—Method 10.11. The color shall not be darker than No. 
25 Saybolt. 

4. Doctor test.—Method 520.3, The doctor test shall be negative. 

5. Corrosion test—Method 530.1. One hundred c. c. of the gaso- 
line shall cause no gray or black corrosion and the amount of deposit 
when evaporated in a polished copper dish shall not exceed 3 mg. 

6. Distillation range.—Method 100.12. The temperature limits are 
as follows: ; 

When 5 per cent of the senigls has been recovered in the graduated 
receiver, the thermometer shall not read more than 75° C. (167° F.), 
or less than 50° C. (122° F.). 
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SPECIFICATIONS FOR GASOLINE, 8 


When 50 oe cent has been recovered in the receiver, the ther- 
mometer shall not read more than 105° C. (221° F.). 

When 90 per cent has been recovered in the receiver, the ther- 
mometer shall not read more than 155° C>{311° F.). 

When 96 per cent has been recovered in the receiver, the ther- 
mometer shall not read more than 175° C. (347° F.). 

The end point shall not be higher than 190° C. (374° F.). 

At least 96 per cent shall be recovered as distillate in the receiver 
from the distillation. 

The distillation loss shall not exceed 2 per cent when the residue 
in the flask is cooled and added to the distillate in the receiver. 

7. Acidity.—Method 510.2. The residue remaining in the flask 
after the distillation is completed shall not show an acid reaction. 

8. Sulphur.—Method 520.1. Sulphur shall not be over 0.10 per 
cent. 

9. All tests shall be made according to the methods for testing 
contained in Part 2 of this paper. 


UNITED STATES GOVERNMENT MOTOR GASOLINE. 
GENERAL STATEMENT. 


1. This specification covers the grade of gasoline used by the 
United States Government and its agencies as a fuel for automobile, 
truck, tractor, motor boat, and similar engines. 

2. Gasoline purchased under this specification shall be described as 
“U. S. Government Motor Gasoline’”’ with the understanding that 
this designation always refers to the current specification of the 
Federal Specifications Board. 


e 
PROPERTIES AND TESTS. 


3. Color—Method 10.11. The color shall not be darker than No. 
16 Saybolt. 

4. Corrosion test.—Method 530.21. A clean copper strip shall not 
be discolored when submerged in the gasoline for 3 hours at 122° F. 

5. Distillation range.—Method 100.12. When the first drop falls 
from the end of the condenser, the thermometer shall not read more 
than 55° C. (131° F.). 

When 20 per cent has been recovered in the receiver, the ther- 
mometer shall not read more than 105° C. (221°F.). 

When 50 per cent has been recovered in the receiver, the ther- 
mometer shall not read more than 140° C. (284° F.). 

When 90 per cent has been recovered in the receiver, the ther- 
mometer shall not read more than 200° C. (392° F.). 

The end point shall not be higher than 225° C. (437° F.). 

At least 95 per cent shall be recovered as distillate in the receiver 
from the distillation. 

6. Sulphur.—Method 520.1. Sulphur shall not be over 0.10 per 


nt. 
7. All tests shall be made according to the methods for testing 
contained in Part 2 of this paper. 
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4 LUBRICANTS AND LIQUID FUELS, AND METHODS OF TESTING. 


SPECIFICATIONS FOR BURNING OILS. 
KEROSENE. 
GENERAL STATEMENT. 


1. This specification covers the grade of kerosene ordinarily used 
by the United States Government and its agencies as an illuminating 


ll. 
2. The oil shall be free from water, glue, and suspended matter. 
PROPERTIES AND TESTS. 


3. Color.—Method 10.11. The color shall not be darker than No. 
16 Saybolt. 

4. Flash point.—Method 110.1. The flash point shall not be lower 
than 100° F. (“‘Tag” closed tester). 

5. Sulphur.—Method 520.1. The sulphur shall not be more than 
0.125 per cent. 

6. Flock.—Method 130.1. The flock test shall be negative. 

7. Distillation.—Method 100.22. The end point shall not be higher 
than 625° F. 
8. Cloud point.—Method 20.11. The oil shall not show a cloud at 
5° F. 
9. Burning test.—Method 210.6. The oil shall burn freely and 
steadily for 16 hours. 

10. All tests shall be made according to the methods for testing 
contained in Part 2 of this paper. 


MARINE KEROSENE. 


GENERAL STATEMENT. 


1. This specification covers the grade of kerosene used by the 
United States Government and its agencies as an illuminating oil in 
marine service. 

2. The oil shall be free from water, glue, and suspended matter. 


PROPERTIES AND TESTS. 


3. Color.—Method 10.11. The color shall not be darker than No. 
16 Saybolt. 

4. Flash point.—Method 110.1. The flash point shall not be lower 
than 115° F. (‘“Tag” closed tester). 

5. Sulphur.—Method 520.1. The sulphur shall not be more than 
0.125 per cent. 

6. Flock.—Method 130.1. The flock test shall be negative. 

7. Distillation.—Method 100.22. The end point shall not be higher 
than 625° F. 

bi Cloud point.—Method 20.11. The oil shall not show a cloud at 
5° F. 


9. Burning test—Method 210.6. The oil shall burn freely and 
steadily for 16 hours. 

10. All tests shall be made according to the methods for testing 
contained in Part 2 of this paper. 
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SPECIFICATIONS FOR BURNING OILS. 5 
SPECIAL NOTE COVERING KEROSENE FOR UNITED STATES NAVY. 


When specifically provided for, a representative sample of the oil 
delivered will be tested Rotomeumeall¢ after burning for one hour 
in a lamp fitted with a No. 1 sun hinge burner. Five hours later 
another photometric test will be made to determine any change in 
intensity of the light; the maximum allowable loss shall be 5 per cent. 
The flame shall show at least 6 candlepower when compared photo- 
metrically with an incandescent lamp which has been standardized 
by the Bureau of Standards. 

Otherwise specifications enumeratéd above apply for United States 
Navy kerosene. 

LONG-TIME BURNING OIL. 


GENERAL STATEMENT. 


1. This specification covers the grade of burning oil used by the 
United States Government and its agencies where a long-time burn- 
ing oil is required. 

2. The oil must be free from water, glue, and suspended matter. 


PROPERTIES AND TESTS. 


3. Color.—Method 10.11. The color shall not be darker than No. 
21 Saybolt. 

4. Flash point.—Method 110.1. The flash point shall not be 
lower than 115° F. (Tag closed tester). 

5. Sulphur.—Method 520.1. Sulphur shall not be more than 0.10 
per cent. 

6. Flock.—Method 130.1. The flock test shall be negative. 

7. Distillation Method 100.22. The end point shall not be 
higher than 600° F. 

8. Cloud point—Method 20.11. The oil shall not show a cloud 
at 0° F. 

9. Doctor test—Method 520.3. The doctor test shall be negative. 

10. Burning test-—Method 210.31. The oil shall burn freely and 
steadily for 168 hours. 

11. All tests shall be made according to the methods for testing 
contained in Part 2 of this paper. 


LIGHTHOUSE KEROSENE. 


The specification for lighthouse kerosene is renee by the Bureau 
of Lighthouses, Department of Commerce. At the present time this 
specification is as follows: 


GENERAL STATEMENT, 


1. This specification covers the grade of kerosene used by the 
United States Government and its agencies for Lighthouse Service 
purpose in various forms of wick and oil Taper re 

2. The kerosene shall be a hydrocarbon oil of uniform quality, free 
from grit, sediment, or any other foreign matter. It shal be entirely 
suitable for use both in wick lamps and oil vapor lamps using a mantle. 
The suitability of the kerosene will be tested by two methods—namely, 
by actually burning the kerosene in certain types of lanterns and by 
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6 LUBRICANTS AND LIQUID FUELS, AND METHODS OF TESTING. 


laboratory examination. The kerosene must pass both sets of 
requirements. 
PROPERTIES AND TESTS. 


3. Burning tests—(a) Lens lantern. The kerosene shall be burned 
in a standard “lens lantern’ equipped with a standard “fifth order 
lamp.” This lamp uses a ingle cylindrical wick approximately 1 
inch in diameter and has both center and outside draft. The wick 
shall be adjusted so that the average height of the flame, exclusive of 
tongues, is 30 mm. above the top of the burnercone. The final adjust- 
ment of the wick shall be made within 6 hours of the commencement of 
the test. When burned in accordance with these requirements, the 
kerosene must give a steady, even flame without smoking. After 120 
hours of continuous burning, the loss in horizontal beam candle- 
power shall be less than 10 per cent, there shall be no black or colored 
deposit on the chimney, not more than a trace of white deposit, and 
not more than a slight incrustation of the wick. 

(6) Post lantern. The kerosene shall be burned in a standard 
“type B post lantern” equipped with a standard “ type B post-lantern 
lamp.” This lamp uses a single flat wick approximately seven- 
eighths inch wide. The wick shall be adjusted so that the average 
height of the flame, exclusive of tongues, shall be 15 mm. above the 
top of the burner cone. The corners of the wicks shall be cut away 
slightly to reduce tongues as much as possible. The final adjustment 
shall be made within 6 hours of the commencement of the test. 
When burned in accordance with these requirements, the kerosene 
must give a steady, even flame without smoking. After 192 hours 
of continuous burning the loss in horizontal beam candlepower shall 
be less than 30 per cent, there shall be no black or colored deposit on 
the chimney, and no serious incrustation of the wick. 

(c) One standard “lens lantern” and one standard “type B post 
lantern” will be loaned to the successful bidder, if daeesd., 

4. Color—Method 10.11. The color shall not be darker than No. 
21 Saybolt. 

5. Flash point.—Method 110.1. The flash point shall not be lower 
than 60° C. (140° F.). 

6. Distillation —Method 100.22. The distillation shall conform to 
the following limits: 

When the first drop of condensate is obtained the temperature 
shall not be lower than 160° C. (320° F.). 

When 10 per cent of the sample has been recovered the temperature 
shall not be lower than 175° C. (347° F.). 

When 90 per cent of the sample has been recovered the tempera- 
ture shall not be higher than 270° C. (518° F.). 

The end point shall not be higher than 280° C. (536° F.). 

At least 97 per cent shall be recovered as distillate in the receiver. 

7. Reaction—The kerosene must contain no free acids or mineral 
salts. Litmus paper immersed in it must show no change within 
5 hours. 

8. Sulphuric acid test.—Fifty grams of kerosene shall be placed in a 
flask with 20 grams of sulphuric acid having a specific gravity of 1.73. 
The flask shall be shaken vigorously for 1 minute, after which the 
contents shall be poured into a 4-ounce oil sample bottle. After 
standing unagitated for 1 hour, the sulphuric acid shall not be 
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darker in color than 40 yellow plus 60 red, as measured in the bottle 
by the Lovibond tintometer. 

9. All numbered tests shall be made according to the methods for 
testing contained in Part 2 of this paper. 


300-DEGREE MINERAL SEAL OIL. 
GENERAL STATEMENT. 


1. This specification covers the grade of oil used by the United 
States Government and its agencies for lamps in passenger coaches 
and for illuminating railroad equipment, and where a high-flash 
illuminant is required. 

2. The oil must be free from water, glue, and suspended matter. 


PROPERTIES AND TESTS. 


r et i a 10.11. The color shall not be darker than No. 16 
ay bolt. 

4 Flash point.—Method 110.31. The flash point shall not be lower 
than 250° F’. (Cleveland open cup). 

5. Flock.—Method 130.2. The flock test shall be negative. 

ee point.—Method 20.11. The oil shall not show a cloud at 
32° F. 

7. Reaction.—Method 510.1. The oil shall be neutral. 

8. Burning test—Method 210.41. The lamp shall give a sym- 
metrical flame, free from smoke, when burned continuously without 
readjustment until 95 per cent of the oil is consumed. 

9. All tests shall be made according to the methods for testing 
contained in Part 2 of this paper. 


SPECIFICATIONS FOR FUEL OILS. 
FUEL OIL (NAVY STANDARD). 


GENERAL STATEMENT. 


1. This specification covers the grade of oil used by the United 
States Government and its agencies where a high-grade fuel oil is 
required. This oil may be used in Diesel engines. 

2. Fuel oil shall be a hydrocarbon oil, free from grit, acid, and 
fibrous or other foreign matters likely to clog or injure the burners or 
valves. If required, it shall be strained by being drawn through 
filters of wire gauze of 16 meshes to the inch. The clearance through 
the strainer shall be at least twice the area of the suction pipe, and 
the strainers shall be in duplicate. 


PROPERTIES AND TESTS. 


3. Flash point.—Method 110.21. The flash point shall not be lower 
than 150° F. (Pensky-Martens closed tester). In case of oils having 
viscosity greater than 30 seconds at 150° F. (Saybolt Furol visco- 
simeter) (8° Engler), the flash point shall not be below the tempera- 
ture at which the oil has a viscosity of 30 seconds. 

4. Viscosity—Method 30.4. The viscosity shall not be greater 
than 100 seconds at 77° F. (Saybolt Furol viscosimeter). 
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5. Sulphur.—Method 520.21. Sulphur shall not be over 1.5 per 
cent. 

6. Water and sediment.—Method 300.3. Water and sediment com- 
bined shall not amount to over 1 per cent. 

7. All tests shall be made according to the methods for testing 
contained in Part.2 of this paper. 


BUNKER FUEL-OIL ‘‘a.” 
GENERAL STATEMENT. 


1. This specification covers the grade of fuel oil used by the United 
States Government and its agencies where a low-viscosity oil is re- 
quired. This oil may be used in Diesel engines. 

2. Fuel oil shall be a hydrocarbon oil, free from grit, acid, and 
fibrous or other foreign matters likely to clog or injure the burners or 
valves. If required, it shall be strained by being drawn through 
filters of wire gauze of 16 meshes to the inch. The clearance through 
the strainer shall be at least twice the area of the suction pipe, and 
the strainers shall be in duplicate. 


PROPERTIES AND TESTS. 


3. Flash point.—Method 110.21. The flash point shall be not lower 
than 150° F. (Pensky-Martens closed tester). In case of oils havi 
viscosity greater than 30 seconds at 150° F. (Saybolt Furol visco- 
simeter) (8° Engler), the flash point shall not be below the: tem- 
perature at which the oil has a viscosity of 30 seconds. 

4. Viscosity —Method 30.4. The viscosity shall not be greater than 
100 seconds at 77° F. (Saybolt Furol viscosimeter). 

5. Water and sediment.—Method 300.3. Water and sediment com- 
bined shall not amount to over 1.0 per cent. 

6. All tests shall be made according to the methods for testing 
contained in Part 2 of this paper. 


BUNKER FUEL-OIL ‘‘B.”’ 
GENERAL STATEMENT. 


1. This specification covers the grade of fuel oil used by the United 
States Government and its agencies where a more viscous oil than 
bunker oil ‘“‘A”’ can be used. This oil may be used in Diesel engines 
of a type adapted to an oil of medium viscosity. 

2. Pel oil shall be a hydrocarbon oil, free from grit, acid, and 
fibrous or other foreign matters likely to clog or injure the burners 
or valves. If required, it shall be strained by being drawn through 
filters of wire gauze of 16 meshes to the inch. The clearance through 
the strainer shall be at least twice the area of the suction pipe, and 
the strainers shall be in duplicate. 


PROPERTIES AND TESTS. 


3. Flash point.—Method 110.21. The flash point shall be not lower 
than 150° F. (Pensky-Martens closed tester.) 

4. Viscosity.—Method 30.4. The viscosity shall not be greater 
than 100 seconds at 122° F. (Saybolt Furol viscosimeter). 
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5. Water and sediment.—Method 300.3. Water and sediment com- 
bined shall not amount to over 1.0 per cent. 

6. All tests shall be made according to the methods for testing 
contained in Part 2 of this paper. 


BUNKER FUEL-OIL ‘‘C.” 
GENERAL STATEMENT. 


1. This specification covers the grade of fuel oil used by the United 
States Government and its agencies where a high-viscosity oil is 
satisfactory. This oil may be used in Diesel engines of a type 
adapted to an oil of high viscosity. 

2. Fuel oil shall be a hydrocarbon oil, free from grit, acid, and 
fibrous or other foreign matters likely to clog or injure the burners 
or valves. If required, it shall be strained by being drawn through 
filters of wire gauze of 16 meshes to the inch. The clearance through 
the strainer shall be at least twice the area of the suction pipe, and 
the strainers shall be in duplicate. 


PROPERTIES AND TESTS. 


3. Flash point—Method 110.21. The flash point shall be not lower 
than 150° F. (Pensky-Martens closed tester). 

4. Viscosity—Method 30.4. The viscosity shall not be greater 
than 300 seconds at 122° F. (Saybolt Furol viscosimeter). 

5. Water and sediment.—Methods 300.11 and 300.2. The sedi- 
ment content shall not be more than 0.25 per cent. The total water 
plus sediment shall not be more than 2.0 per cent. A deduction in 
quantity will be made for all water plus sediment in excess of 1.0 
per cent. 

6. All tests shall be made according to the methods for testing 
contained in Part 2 of this paper. 


SPECIFICATIONS FOR LUBRICANTS. 
CLASS A. 
GENERAL STATEMENT. 


1. This specification covers the grades of petroleum oil used by 
the United Btates Government and its agencies for the general lubri- 
cation of eninee and machinery where a highly refined oil is not 
required. This oil is not to be used for steam-cylinder lubrication. 

2. Only refined petroleum oils without the admixture of fatty oils, 
resins, soap, or other compounds not derived from crude petroleum 
will be considered. 

3. These oils shall be supplied m five grades, known as extra light, 
light, medium, heavy, and extra heavy. .7 
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PROPERTIES AND TESTS. 


4. Flash and fire points.—Method 110.31. The flash and fire points 
of the five grades shall not be lower than the following: 


5. Viscosity.—Method 30.4. The viscosity of the five grades of 
oil at 100° F. shall be within the following limits: 


Seconds. 

Wxtre ight... s acca. 28 ag aaseneesteas es soe sea ee scedeasateass 135-165 
[ah ae nt ee ire nA le be EG WOE Rely aA See 180-220 
Medium)! <— 2) vec noi ss- So eee ieee ets eo sn eeeSenketaweececeus 270-330 
CAV Y: 22. S5 sSasae os esstene see ncen sacs os econnetcetceucencencene 360-440 
Es tra heavy ase ses sscaccsaaececccosscesstececensedees Sens asses 450-550 


6. Color.—Method 10.2. The color of the five grades shall he 
determined without the use of kerosene as a diluent. The colors of 
these five grades shall not be darker than the following: 


Grade. A.8.T. M. color No. 
Pxtralight. -ss2scs scree ssccecsecsstssacsesapesadsttasessdsecnsa gs 
Lighten 32 cS aestests soncigcneweetotsgosnt sss sect sceaseascasewaeets 7 
MG@dIiin =~ feel ate nei en cicnerinacact aan uauinser owacaceuawaabaee 7k 
Heavy 8556-532 k ee ash cee aves se anes ve owes auc ages eteestsues 8 
Bxtraheavyn: sscnc2 theese ck lscsse se Soe Sees settee see estcse ates 8 


7. Pour point.—Method 20.11. The pour point shall not be above 
the following temperatures: 


3 °F. 
Dxtra.light=2cessancengayeant opti Gas atea nose cates eesedec ese tesese 35 
Wight 222533. sco shots ncsussesscesasgaceaclot Socet sds sasee jaime taesee 35 
Meéditimes: jassccstecasgssss se aceeas tases les tketce ce esnuaoneatee 40 
HAV Yo. os aaece lh scatsbasecesslccatuee nesses cae catemasetunesus 45 
Hixtra heavy. ss a -coss sea ceeask eee ae eas ee eee on chee 50 


8. Reaction.—Method 510.1. The oil shall not show an acid re- 
action. 

9. Corrosion.—Method 530.31. A clean copper strip shall not be 
discolored when submerged in the oil for 3 hours at 212° F. 

10. All tests shall be made according to the methods for testing 
contained in Part 2 of this paper. 


CLASS B. 
GENERAL STATEMENT. 
1. This specification covers the grades of petroleum oil used by 
the United States Government and its agencies for the lubrication of 


turbines, dynamos, and high-speed steam engines, using circulating 
and forced-feed systems. 
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2. Only refined petroleum oils without the admixture of fatty oils, 
resins, soap, or other compounds not derived from crude petroleum 
will be considered. 

3. These oils shall be supplied in five grades, known as extra light, 
light, medium, heavy, sad extra heavy. 


PROPERTIES AND TESTS. 


4. Flash and fire points.—Method 110.31. The flash and fire 
points of the five grades shall not be lower than the following: 


Flash Fire 
Grade. point. paint. 
°F. °F. 
315 355 
325 365 
335 380 
345 390 
355 400 


5. Viscosity—Method 30.4. The viscosity of the five grades at 
100° F. shall be within the following limits: 


Seconds. 


6. Color.—Method 10.2. The color of the five grades shall be 
determined without the use of kerosene as a diluent. The colors of 
these five grades shall not be darker than the following: 


Grade. A. 8. T. M. color No. 
extra lights. 2c. 203 Sesoesacsatig nose Ose Se senses ccurceaeuantaune 7 
MABHUS soos ot Shee eeteoce cee eo enew ene So oe tet ee elas neo nee ese we 7 
Modium 2 22us ase srscets sss Gets sects gens cusesessSs steskassessce 74 
Heavy----.----- les ksupoesend seaeees orethe sate kess sbancsanewentee Te 8 
Extra heavy--22ss<2isasss25-5sacccosscccucSassncsemsescassesscsnsses 8 


7. Pour point.—Method 20.11. The pour point shall not be above 
the following temperatures: 


Extra light. s-2.0u cc. casennsecccststucpetcvancipenssoucesseeszocaezee 35 

IQ@ht = = s252.22 sec ncn sosdseeeasen sasconssasscs moss tsssss5o2 seca 35 
Mediliins2..2 5522s no. toltexs sites desc cee ceccaook is sence sole Bee 40 
HGB0 Yo eo cktcee ee a tate le were ee ra See we ba even wacee ven BAe 45 
Bxtra heavy...si 222 ss Sones ash bo se Seas a aoa e cone ean heecce wets 50 


8. Corrosion.—Method 530.31. A clean copper strip shall not be 
discolored when submerged in the oil for 3 hours at 212° F. 

9. Emulsion test—Grades extra light, light, and medium.— 
Method 320.11. Grades heavy and extra heavy.—Method 320.21. 
The oil shall separate (see note) in 30 minutes from an emulsion with 
normal caustic soda solution, and the upper layer at the end of 30 
minutes shall not contain more than 10.0 per cent of water.—Method 
300.41. 


Note.—This means that there shall be only a slight cuff (no continuous layer 
of emulsion) between the water and the oil, 
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10. Demulsibility.—Grades extra light, light, and medium.— 
Method 320.31. Grades heavy and extra heavy.—Method 320.41. 
The demulsibility shall not be less than 300, and the upper layer at 
the end of 30 minutes shall not contain more than 5.0 per cent of 
water.—Method 300.41. 

11. All tests shall be made according to the methods for testing 
contained in Part 2 of this paper. 


CLASS C. 
GENERAL STATEMENT. 


1. This specication covers the grades of petroleum oil used by 
the United States Government and its agencies when, and only when, 
service conditions necessitate an oil suitable for lubricating both 
turbine and internal-combustion engines. 

2. Only refined petroleum oils without the admixture of fatty 
oils, resins, soap, or other compounds not derived from crude petro- 
leum will be considered. 

3. These oils shall be supplied in five grades, known as extra light, 
light, medium, heavy, and extra heavy. 


PROFERTIES AND TESTS. 


4. Flash and fire points—Method 110.31. The flash and fire 
points of the five grades shall not be lower than the following: 


Grade. 


Heavy 
Extra heavy 


5. Viscosity—Method 30.4. The viscosity of the five grades at 
100° F. shall be within the following limits: 


Heavy 


6. Color—Method 10.2. The color of the five grades shall be deter- 
mined without the use of kerosene as adiluent. The colors of these 
five grades shall not be darker than the following: 


A.S.T. M. 
Grade. color No. 
Extra lights .-25225 -2osscssely escascsceassnacsasnctscnecesuceesctesta 7 
ightesce soucstne scene ee Gare ier ee semdaseetepsobutas cuLsateees foket 
Mediuti. 22ccsteetcecmeateneckaretass oetwacea lt Mews conc see a fossa leu 7k 
Heavys {oni oAh case dause geciwenesntseecesseslesesebs spas ans eeieossuse 8 
Extra heavy. --.------.----- 2-20-5222 0502 no nooo 0 25-2 8 
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7. Pour point.—Method 20.11. The pour point shall not be above 
the following temperatures: 


°F. 

Dextre light: s-2csd-sssestss sensccssecssucsscangasestenceneaiesesasus 35 
ight: 2-2 -2ceco shee scot been eo peewee ewer seated aauoneeaceses 35 
Medittin 22 92,56. 23 hoe tn Se ee ae aL se aoe Sua eee oe 40 
CAVY cor Sot ie SG oS tase Sod A oe De th amon ep ae ean ah ar ele ae) 45 
Extra Reavy ose ssshe ects s 5 cS ch oe ces Aenea Mone cesarssasereces 50 


8. Acidity.—Method 510.3. Not more than 0.10 mg..of potassium 
hydroxide shall be required to neutralize 1 gram of the oil. 

9. Corrosion.—Method 530.31. A clean copper strip shall not be 
discolored when submerged in the oil for 3 hours at 212° F. 

10. Emulsion test—Grades extra light, light, and medium—Method 
320.11. Grades heavy and extra heavy—Method 320.21. The oil shall 
spare (see note) in 30 minutes from an emulsion with: (1) Dis- 
tilled water; (2) 1 per cent salt solution; (3) normal caustic solution. 

Nots.—This means that there shall be only a slight cuff (no continuous layer 
of emulsion) between the water and the oil. 

11. Demulsibility.—Grades extra light, light, and medium.—Method 
320.31. Grades heavy and extra heavy—Method 320.41. The demul- 
sibility shall not be less than 300. 

12. Carbon residue.—Method 500.11. The carbon residue shall not 
exceed the following: 


Per cent. 

Extra light..<2: 22: 22s ssrecnseccaccsecasas casssauncecacascspcoacsce 0. 10 
AGNES 2273202 Ue eA oon oo Soe cote asta Se bids posh a easc act oce wees 20 
Modiumt. 2 so aoscanGe nce caemee bea sesasalaueede sees ecomediee etre - 45 
Heavy. oo = seb 2 eee Ae ee an ee On peek oe ee ee a ecde tae S . 55 
Extra heavy =.= 52-222 <ssesese~5 siesta asses ance esate cee csaceseee - 70 


13. Further tests on oils of class C may be required at the option 
of the department of the Government using the oils. 

14. alt tests shall be made according to the methods for testing 
contained in Part 2 of this paper. ‘ 


CLASS D. 
GENERAL STATEMENT. 


1. This specification covers the grades of petroleum oil used by 
the United States Government and its agencies for lubrication of 
internal-combustion engines, except aircraft, and Diesel engines. 
Compound lubricating oils containing products other than those 
derived from petroleum are not dealt with in this specification. 

2. These oils shall be supplied in nine grades, known as extra light, 
light, medium, heavy, extra heavy, ultra heavy, tractor, tractor heavy, 
and motor cycle. 
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PROPERTIES AND TESTS. 


3. Flash and fire points.—Method 110.31. The flash and fire points 
of the nine grades shall not be lower than the following: 


Flash Fire 
Grade. point. | point. 


SESESSERE~ 


4, Viscosity.—Method 30.4. The viscosity of the five lighter grades 
at 100° F. shall be within the following limits: 


Seconds. 
Eextre lights 222 s<socs cst cess saws cone e ets sag year seae ce 135-165 
IG Nee oc cde n oe ce eeee seas saa ent ane npotwoeee seis aaosoRe Se 1 
Modlin: oi scheenotoatentes ies och saees Reece este skewooksos oe 270-330 
WOAVY-<-- oes 5 os Fase soosesa seat seeueesd gccsebeseccteaSseccses 3 
BXa NOAVY = ois 2cticsapesssecseew sana ese anateiau hee nstaScaes 450-550 


The viscosity of the four heavier grades at 210° F. shall be within 
the following limits: 


Seconds. 
Wltra thea Vy <ose 22s ons tetas coe uttes ches kiaet cic sle sete we 55- 65 
MOR Se iA oan wasn tobe c sac eee aoneentocee tenes a ese 75— 85 
MLIACUOR DOBVY oc anicss tee aeen ssae sess wae ecas net eecasons 90-1 
Motorcycles. neo enon n ceven cn oceee=shssaradencnnageesesscesatetes 110-120 


5. Color—Method 10.2. The color of the first five grades shall be 
determined without the use of kerosene as a diluent. The colors of 
these five grades shall not be darker than the following: 


The color of the last four grades, when 15 per cent by volume of the 
oil to be tested and 85 per cent by volume of kerosene are used, shall 
not be darker than the following: 


Grade. color No. 
tra Heavy ys. aos Soc eas de sheet ccseteececocce oe esecccsccu 5 
DRACO. casos sccacnasbecsscsuossecewostcencesees tose eset beceuccusee 6 
Wractor NOQVY 22222222. 5teunks con etenssscenraneeessse sacs cae Lce = 7 
MotorsyGle; cscc222cscbes se dnd cease dene aecetalecsscescceceeureecn es 8 


Original fror 
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6. Pour point.—Method 20.11. The pour point shall not be above 
the following temperatures: 


°F. 
Extra light.<+<22<c0-sccscstecccccscdchésecceseedssncecensecceseeece 35 
Reo Set on ae eae na nee a ate ta omme ne wean onto ata aa 35 
Meditin 5.38025 dst a2 8 ones cea ere BAS da edo da Woh par nteccaetanwes 40 
Heavy i. cise ck cease aos see cathe aewcsccess ab cameassenconseteeuseee 45 
Extra heavy, ultra heavy, and tractor-._._.-.-.------------------------ 50 
Tractor heavy and motorcycle.__._.....--.--------------------------- 50 


7. Acidity.—Method 510.3. Not more than 0.30 mg. of potassium 
hydroxide shall be required to neutralize 1 gram of the oil. 

8. Corrosion.—Method 530.31. A clean copper strip shall not be 
discolored when submerged in the oil for 3 hours at 212° F. 

9. Carbon residue.—Method 500.11. The carbon residue shall not 
exceed the following: 


Per cent. 
Eixtradignt: 2c<2=-o ea cctstcsecsecenccctsctivevacscentiusessoccuene 0. 10 
Wight: <2 cco Sccc cece dth caccctewsotoeneeticwd cobb enact eessenbae . 20 
Medilim:<-<5:s<cscncsnsssu noose scscncs scsi Ssadcusetaceecucece as.  .45 
GAY 925 oan oak atta he en oe eine a Goma to tae e anaes . 55 
Bixtre heavy. 22-25 cto ccecise cesckscscecsce wate seees caee ace eames . 70 
Ultra heavy 2... oo. concn ete ea cto rec ss Gezceuesbuceiencceeseaeenee . 80 
TACs cos = Seo cea sens cont cet ec ceewiusanagiacetieuetuteawenn 1. 50 
‘ractor Reavy 326 noe cae eat soon ok cone ba dn tose nncastesgaice 1. 75 
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10. All tests shall be made according to the methods for testing 
contained in Part 2 of this paper. 


AIRCRAFT MACHINE-GUN OIL. 
GENERAL STATEMENT. 


1. This specification covers the grade of petroleum oil used by the 
United States Government and its agencies for the lubrication of 
machine guns on aircraft, for the c. c. interrupter gears, and for gun 
oil for cleaning and oiling mfchine guns and small arms. 

2. Only refined petroleum oil without the admixture of fatty oils, 
resins, soap, or other compounds not derived from crude petroleum 
will be considered. 


PROPERTIES AND TESTS. 


3. Flash point.—Method 110.31. The flash point shall not be less 
than 200° F. 

4. Me ile: Sinteonda 30.4. The viscosity at 100° F. shall be 
within the following limits: 80 to 115 seconds. 

5. Pour point.——Method 20.11. The pour point shall be 45° or 
more below 0° F. 

6. Acidity.—Method 510.3. Not more than 0.10 ae. of potassium 
hydroxide shall be required to neutralize 1 gram of oil. 

7. Corrosion.—Method 530.31. A clean copper strip shall not be 
discolored when submerged in the oil for 3 hours at 212° F. 

8. Carbon residue.—Method 500.11. The carbon residue shall not 
be more than 0.03 per cent. 

9. All tests shall be made according to the methods for testing 
contained in Part 2 of this paper. 
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BUFFER OIL FOR RECOIL AND RECUPERATOR CYLINDERS OF ALL BRITISH 
TYPES OF HOWITZERS AND GUN CARRIAGES. 


GENERAL STATEMENT. 


-1. This specification covers the grade of petroleum oil used by the 
United States Government and its agencies for filling the recoil and 
recuperator cylinders of all British-type howitzers and gun carriages. 

2. Only refined petroleum oils without the admixture of fatty oils, 
resins, soap, or other compounds not derived from crude petroleum 
will be considered. 


PROPERTIES AND TESTS. 


3. Flash point.—Method 110.31. The flash point shall not be lower 
than 265° i 

4. Viscosity.—Method 30.4. The viscosity at 100° F. shall be 
within the following limits: 65 to 75 seconds. 
‘ore Pour point.—Method 20.11. The pour point shall not be above 

6. Acidity.—Method 510.3. Not more than 0.10 mg. of potassium 

hydroxide shall be required to neutralize 1 gram of the oil. 

7. All tests shall be made according to the methods for testing 
contained in Part 2 of this paper. 


CAR AND LOCOMOTIVE ENGINE OIL. 
GENERAL STATEMENT. 


1. This specification covers the grade of oil used by the United 
States Government and its agencies as a lubricant on journals of all 
cars, passenger coaches, steam and electric locomotives. 


PROPERTIES AND TESTS. 


2. Flash point.—Method 110.31. The flash point shall not be lower 
than 300° F. 

3. Viscosity—Method 30.4. The viscosity at 210° F. shall be 
within the followin limits: 65 to 75 seconds. 

Peet point.—Method 20.11. The pour point shall not be above 
45° F, 

5. Precipitation number.—Method 310.1. The precipitaton num- 
ber shall not be greater than 0.5 

6. All tests shall be made according to the methods for testing 
contained in Part 2 of this paper. 


COMPOUNDED STEAM-CYLINDER OIL, FOR NONCONDENSING ENGINES. 
GENERAL STATEMENT. 


1. This specification covers the grade of petroleum oil used by the 
United States Government and its agencies for the lubrication of 
steam cylinders of noncondensing engines and pumps where a com- 
pounded oil is required. 
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PROPERTIES AND TESTS. 


2. The oil shall be a well-refined petroleum oil, compounded with 
en less than 5 nor more than 7 per cent of acidless tallow oil or lard 
oil. 

3. Flash point.—Method 110.31. The flash point shall not be lower 
than 475° F. 

4. Viscosity—Method 30.4. The viscosity at 210° F. shall be 
within the iliewing limits: 120 to 150 aeoniae: 

ee a point.—Method 20.11. The pour point shall not be above 
60° F. 

6. Precipitation number.—Method 310.1. The precipitation num- 
ber shall not be greater than 0.5. 

7. Acidity.—Method 510.3. The oil shall not contain more than 
0.40 per cent of acid calculated as oleic acid (equivalent to 0.80 mg. 
KOH per gram of oil). 

8. All tests shall be made according to the methods for testing 
contained in Part 2 of this paper. 


CRANK-PIN GREASE, DRIVING-JOURNAL COMPOUND, ROD-CUP GREASE. 
GENERAL STATEMENT. 


1. This specification covers the grade of grease used by the United 
States Government and its agencies for the lubrication of driving 
journals on locomotives (provided with grease cellars) and for the 
lubrication of cranks and rods on locomotives (provided with grease 
cups). 

2. The grease must be a well-manufactured product, suitable in 
every way for the purposes listed in paragraph 1. It shall be 
composed of a soda soap (made from tallow), combined with a 
well-refined cylinder-stock petroleum oil. 


PROPERTIES AND TESTS. 


3. It shall be smooth and uniform, and must not crumble under 
pressure. 

4. Color.—Driving-journal compound shall be green or greenish 
in color. Rod-cup grease and crank-pin grease shall be slightly 
yellowish in color. 

5. Soap content.—The soap content shall not be less than the 
following: Driving-journal compound, 45 per cent; rod-cup grease, 
40 per cent. 

6. Free alkali.—Neither grade shall contain less than 0.50 per cent 
nor more than 2.5 per cent of free alkali, calculated as N 20H. 

7. The total water, glycerin, and impurities present shall not 
exceed one-third the total dry soap content. 


CUP GREASE. 
GENERAL STATEMENT. 
1. This specification covers the grades of up evens used by the 
e lubricati 


United States Government and its agencies for t on of such 
parts of motor equipment and other machinery as are lubricated 
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by means of compression cups; No. 0 and No. 1 to be used in spindle 
cups or transmissions. 

2. The grease shall be a well-manufactured product, composed of 
a calcium soap made from bis beeen auunale or vegetable oils or 
fatty acids, and a highly refined mineral oil. 

3. The mineral olf used in reducing the soaps shall be a straight 
well-refined mineral oil with a viscosity at 100° F. of not less than 
100 seconds. 

PROPERTIES AND TESTS. 


4. Soap content.—The content of soap for the several grades shall 
be as follows: 

(a) No. 0 cup grease shall contain approximately 13 per cent of 
calcium soap. 

(b) No. 1 cup grease shall contain approximately 14 per cent of 
calcium soap. 

(c) No. 2 cup grease shall contain approximately 16 per cent of 
calcium soap. 

(d) No. 3 cup grease shall contain approximately 18 per cent of 
calcium soap. 

(e) No. 5 cup grease shall contain approximately 24 per cent of 
calcium soap. 

5. Consistence.—These grades shall be similar in consistence to the 
approved trade standards for No. 0, No. 1, No. 2, No. 3, and No. 5 

ease. 
an. Moisture.—Method 300.11. The grease shall be a boiled grease, 
containing not more than 3 per cent of water when finished. 

7. Corrosion.—A clean copper plate shall not be discolored when 
submerged in the grease for 24 hours at room temperature. 

8. Ash.—The acts content shall be as follows: 

No. 0 grease: The ash shall not be greater than 1.7 per cent. 

No. 1 grease: The ash shall not be greater than 1.8 per cent. 

No. 2 grease: The ash shall not be greater than 2.0 per cent. 

No. 3 grease: The ash shall not be greater than 2.3 per cent. 

No. 5 grease: The ash shall not be greater than 3.5 per cent. 

9. Fillers —The grease shall contain no fillers such as resin, resinous 
oils, soapstone, wax, talc, powdered mica or graphite, sulphur, clay, 
asbestos, or any other filler. 


DIESEL-ENGINE LUBRICATING OIL, 
GENERAL STATEMENT. 


1. This specification covers the grade of oil used by the United 
States Government and its agencies for the lubrication of Diesel 
engines. 

2. Only refined petroleum oil without the admixture of fatty oil, 
resins, soap, or other compounds not derived from crude petroleum 


will be considered. 
PROPERTIES AND TESTS. 


3. Flash point.—Method 110.31. The flash point shall not be 
lower than 360° F. 

4. Viscosity—Method 30.4. The viscosity at 210° F. shall be 
within the following limits: 55 to 65 seconds. 
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peer point.—Method 20.11. The pour point shall not be above 
45” F. 

6. Acidity.—Method 510.3. Not more than 0.30 mg. of potassium 
hydroxide shall be required to neutralize 1 gram of the oil. 

7. Emulsion test.—Method 320.21. The oil shall separate com- 
pletely in 1 hour from an emulsion with distilled water at a tem- 
perature of 180° F. 

8. Carbon residue.—Method 500.11. The carbon residue shall not 
be greater than 0.80 per cent. 

9. All tests shall be made according to the methods for testing 
contained in Part 2 of this paper. 


GEAR, CHAIN, AND WIRE-ROPE LUBRICANT. 
GENERAL STATEMENT. 


1. This specification covers the grade of petroleum oil used by the 
United States Government and its agencies for the lubrication and 
protection of chains, wire ropes, and gears of cranes, dredges, steam 
shovels, and all other heavy equipment, for the lubrication and pro- 
tection of the gears and ropes of balloon hoists, and for swabbing the 
wires and cables of aircraft. 

2. The oil shall be a petroleum product only, free from vegetable 
or animal oils or products derived from them. It shall be entirely 
free from fillers, such as talc, resin, and all materials of every nature 
not related to the original product. 


PROPERTIES AND TESTS. 


3. bc Paap 30.4. The viscosity at 210° F. shall be 
within the following limits: 900 to 1,100 seconds. 

4. Protection.—Method 400.1. When applied to a plate of polished 
steel, the lubricant shall protect the steel for a period of 30 days when 
immersed in a 10 per cent salt solution. 

5. All tests shall be made according to the methods for testing 
contained in Part 2 of this paper. 


GUN AND ICE-MACHINE OIL. 
GENERAL STATEMENT. 


1. This specification covers the grades of petroleum oil used by the 
United States Government and its agencies for cleaning and oilin 
guns and small arms where aircraft machine-gun oil is not required; 
also for lubrication of the cylinders of ice machines, for lubrication 
of pneumatic tools, and for hydraulic systems. 

2. Only refined P pagent oils without the admixture of fatty oils, 
resins, soap, or other compounds not derived from crude petroleum 
will be considered. 
ie 3. thes oils shall be supplied in two grades known as No. 100 and 

o. 125. : 
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PROPERTIES AND TESTS. 


4, Flash point.—Method 110.31. The flash point shall not be lower 
than 290° F. 

5. Viscosity—Method 30.4. The viscosity at 100° F. shall be 
within the following limits: No. 100 oil, 95 to 115 seconds; No. 125 
oil, 120 to 135 seconds. 

Ke Pour point.—Method 20.11. The pour point shall not be above 
5 


7. Acidity.—Method 510.3. Not more than 0.10 mg. of potassium 
hydroxide shall be required to neutralize 1 gram GF tbs oil. 

8. Corrosion.—Method 530.31. A clean copper strip shall not be 
discolored when submerged in the oil for 3 hours at 212° F. 

9. Emulsion test—Method 320.11. Theoilshall separate completely 
in 30 minutes from an emulsion with normal caustic soda solution, 
and the upper layer at the end of 30 minutes shall not contain more 
than 10.0 per cent of water.—Method 300.41. 

10. Demulsibility—Method 320.31. _The demulsibility shall not be 
less than 300, and the upper layer at the end of 30 minutes shall not 
contain more than 5.0 per cent of water.—Method 300.41. 

11. All tests shall be made according to the methods for testing 
contained in Part 2 of this paper. 


LIBERTY AERO OIL. 


GENERAL STATEMENT. 


1. This specification covers the grades of oil used by the United 
States Government and its agencies for the lubrication of stationary- 
cylinder aircraft engines. 

2. Only refined petroleum oils without the admixture of fatty 
oils, resins, soap, or other compounds not derived from crude petro- 
leum will be considered. 

3. These oils shall be supplied in four grades, to be known as grade 
1, grade 2, grade 3, and grade 4. 


PROPERTIES AND TESTS. 


4. Flash point.—Method 110.31. The flash point of the four grades 
shall not be lower than the following: Grades 1 and 2, 400° F.; 
grades 3 and 4, 450 ° F. 

5. Viscosity—Method 30.4. The viscosity of the four grades at 
210° F. shall be within the following limits: Grade 1, 75-85 seconds; 
grades 2 and 3, 90-100 seconds; grade 4, 115-125 seconds. 

6. Pour points——Method 20.11. The pour points of the four grades 
shall not be above the following limits: Grade 1, 15° F.; grade 2, 
30° F.; grades 3 and 4, 45° F. 

7. Acidity—Method 510.3. Not more than 0.10 wo of potassium 
hydroxide shall be required to neutralize 1 gram of the oil. 

8. Emulsion test—Method 320.21. The oil shall separate com- 
pletely in 1 hour from an emulsion with distilled water at a tem- 
perature of 180° F. . 

9. Carbon residue.-—Method 500.11. The carbon residue on grade 
1 shall not be over 1.5 per cent; on grade 2, not over 2 per cent; 
on grades 3 and 4, not over 2.5 per cent. 
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10. Precipitation number —Method 310.1. The precipitation num- 
ber shall not be greater than 0.5. 

11. All tests shall be made according to the methods for testing 
contained in Part 2 of this paper. 


MARINE-ENGINE OIL. 


GENERAL STATEMENT. 


1. This specification covers the grades of oil used by the United 
States Government and its agencies for the lubrication of reciprocat- 
ing steam engines in marine service where compounded engine oil is 
required. These oils must not be used in circulating or forced-feed 
systems. 

2. These oils shall be supplied in two grades, to be known as grade 
1 and grade 2. 


PROPERTIES AND TESTS. 


3. Grade 1 oil shall be a compounded oil made from refined petro- 
leum oil and 10 per cent to 20 per cent of blown refined rapeseed or 
blown refined peanut oil, so compounded that it will not separate or 
break down in any way either before or while it is in service. Grade 
2 oil shall be a compounded oil made from refined petroleum oil and 
10 per cent to 20 per cent of blown refined rapeseed oil or an oil of 
equivalent tests and free from undistilled products and chemicals, 
having an emulsifying value equivalent to that of rapeseed com- 
pounded oil. ; . 

4. Viscosity.—Method 30.4. The viscosity of the two grades at 
210° F. shall be within the following limits: 65 to 75 seconds. 

The viscosity of the two grades at 100° F. shall not be greater than 
850 seconds. 

5. Pour point.—Method 20.11. The pour point of grade 1 oil shall 
not be above 32° F.; of grade 2 oil, not above 45° F. 

6. Acidity—Method 510.3. The oil shall not contain more than 
1.50 per cent of acid calculated as oleic acid (equivalent to 3 mg. 
KOH per gram of oil). 

7. Corrosion.—Method 530.31. A clean copper strip shall not be 
discolored when submerged in the oil for 3 hours at 212° F. - 

8. Emulsion test.—Method 320.11. |The oil shall remain completely 
emulsified for 1 hour from an emulsion with: (1) Distilled water; 
(2) 1 per cent salt solution. 

9. Wick feed.—Method 200.1. The oil shall show a flow at the end 
of 14 days of at least 30 per cent of its flow at the end of the first 
24-hour period. 

10. All tests shall be made according to the methods for testing 
contained in Part 2 of this paper. 


MINERAL STEAM-CYLINDER OIL FOR NONCONDENSING ENGINES. 


GENERAL STATEMENT. 


1. This specification covers the graces of petroleum oil used by 
the United States Government and its agencies for noncondensing 
steam-engine cylinder lubrication where mineral oil is required. 
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2. These oils shall be supplied in two grades, to be known as 
grade 1 and grade 2. 


PROPERTIES AND TESTS. 


3. The oil shall be a well-refined petroleum oil without compound- 
ing of any nature. 

4. Flash point.—Method 110.31. The flash point of grade 1 oil 
shall not be lower than 475° F.; of grade 2 oil, not lower than 525° F. 

5. Viscosity.—Method 30.4. The viscosity at 210° F. shall be 
within the following limits: Grade 1, 135 to 165 seconds; grade 2, 
180 to 220 seconds. 

6. Es point.—Method 20.11. The pour point shall not be above 
60° F. = 

7. Precipitation number.—Method 310.1. The precipitation num- 
ber shall not be greater than 0.5. 

8. Carbon residue —Method 500.11. The carbon residue shall not 
be greater than 4.5 per cent. . 

9. All tests shall be made according to the methods for testing 
contained in Part 2 of this paper. 


PARAFFIN WAX. 
GENERAL STATEMENT. 


1. This specification covers the grades of paraffin wax used by the 
United States Government and its agencies. 

2. This wax shall be a highly refined petroleum product, free from 
animal or vegetable wax or other adulterants. 

3. This wax shall be supplied in three grades, known as 1380 to 132, 
124 to 127, and 117 to 120. ' 


PROPERTIES AND TESTS. 


4. Color.—Method 10.11. The color of the melted wax shall not 
be darker than No. 25 Saybolt. 

5. Melting point.—Method 40.1. The melting points shall be as 
indicated: 


Grade. | Melting point. 

oF. *C. 
TSDH1 32s ooo ce Scaled eck Sacscetesectes Vso caghdebas sicak epesina cap avedoa eye 130-132 | Approximately 55. 
WOE 1L2T cys ccconecacncdcedatascscestes sus cccueecine sevinnetscenaescingcsousc 124-127 | Approximately 52. 
LIUT=IDU: ies eas seep sbde beeen Soak Hae a bade dase een ce babel edas Sesdades 117-120 | Approximately 48. 


6. All tests shall be made according to the methods for testing 
contained in Part 2 of this paper. 


RECOIL OIL. 
GENERAL STATEMENT. 


1. This specification covers the grades of petroleum oil used by 
the War Department to fill the recoil cylinders of gun carriages. 

2. Only refined petroleum oils without the admixture of fatty oils, 
resins, soap, or ilies compounds not derived from crude petroleum 
will be considered. 
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3. These oils shall be supplied in three grades, known as light, 
medium, and heavy. 
PROPERTIES AND TESTS. 


4. Flash and fire points.—Method 110.31. The flash and fire points 
of the three grades shall not be lower than the following: 


5. Viscosity.—Method 30.4. The viscosity of the three grades of 
oil at 100° F. shall be within the following limits: 


Seconds. 


Might s:tss2sc252ededs0c SonccdSeckostesseh oats st sss sie csdcu siz 40- 45 
Moediviitiz icccncensuctsataseas eecanene scenes ci baceee eases oeacnS 140-160 
CAV ete ooo aa ws Se ee Jee oeee Sea seeiseseteecaasansees 385-430 


6. Color.—The oil shall be pale or red in color. Black oil will not 
be accepted. 

7. Pour point.—Method 20.11. The pour point shall be 5 or more 
degrees below 0° F. 

8. Acidity.—Method 510.3. Not more than 0.10 mg. of potassium 
hydroxide shall be required to neutralize 1 gram of the oil. 

9. Corrosion.—Method 530.31. A clean copper strip shall not be 
discolored when submerged in the oil for 3 hours at 212° F. 

10. All numbered tests shall be made according to the methods for 
testing contained in Part 2 of this paper. 


RECUPERATOR OIL AND GREASE. 


GENERAL STATEMENT. 


1. This specification covers the grade of petroleum oil and grease 
used by the United States Government and its agencies for the re- 
coil mechanism of 75 and 155 mm. French gen calriages. 

2. Recuperator oul.—Recoil oil (heavy) shall be used. 

3. Recuperator grease.—The grease shall be a well-manufactured 
product composed of a calcium soap made from high-grade animal 
or vegetable oils or fatty acids and a highly refined mineral oil. 

4, The mineral oil used in reducing the soap shall have a viscosity 
at 100° F. of not less than 180 seconds. , 


PROPERTIES AND TESTS. 


5. Soap content.—The grease shall contain approximately 18 per 
cent of a calcium soap. 

6. Consistence.—This grease shall be similar in consistence to the 
approved trade standard for No. 3 grease. 

7. Moisture-—Method 300.11. e grease shall be a boiled grease 
conte not less than 1 nor more than 3 per cent of water when 
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8. Corrosion.—Method 530.31. A clean copper strip shall not be 
discolored when submerged in the grease for 3 hours at 212° F. 

9. Ash.—The ash shall not be greater than 2.3 per cent. 

10. Fillers—The grease shall contain no fillers, such as resin, 
resinous oils, soapstone, wax, talc, powdered mica or graphite, sul- 
phur, clay, asbestos, or any other filler. 

11. All numbered tests shall be made according to the methods 
for testing contained in Part 2 of this paper. 


ELECTRIC SWITCH OIL. 
GENERAL STATEMENT. 


1. This specification covers the grade of petroleum oil used by the 
United States Government and its agencies for oif switches and oil 
circuit breakers. It is not intended for use in transformers. 

2. The oil shall be made from pure, highly refined petroleum prod- 
ucts, free from animal or vegetable oils or fats of any kind, and shall 
be suitable in every way for the purposes listed in paragraph 1. 


PROPERTIES AND TESTS. 


3. Flash point.—Method 110.31. The flash point shall not be lower 
than 290° i 

4. Viscosity—Method 30.4. The viscosity at 100° F. shall be 
within the following limits: 95 to 110 seconds. 

Le tas point.—Method 20.11. The pour point shall not be above 
20° F. 

6. Acidity.—Method 510.3. Not more than 0.10 mg. of potassium 
hydroxide shall be required to neutralize 1 gram of the oil. 

7. Heat test.—The oil shall not show a deposit or any change other 
than a darkening of color when heated to 450° F. 

8. Corrosion test.—Method 530.31. A clean copper strip shall not 
be discolored when submerged in the oil for 3 hours at 212° F. 

9. Breakdown test—Method 410.11. The breakdown value shall not 
be less than 23,000 volts. 

10. Unsaturation test—Method 550.2. The oil shall not contain 
more than 4 per cent of hydrocarbons soluble in concentrated sul- 

huric acid. 

4 11. All numbered tests shall be made according to the methods 
for testing contained in Part 2 of this paper. 


TRANSMISSION OIL. 
GENERAL STATEMENT. 


1. This specification covers the grade of petroleum oil used by the 
United States Government and its agencies for the lubrication of 
transmission gears and bearings, differential gears, worm drives, 
winch drives, and roller and ball bearings used in connection with 
such parts of the equipment of motor vehicles. 

2. The lubricant shall be a petroleum product only without the 
addition of any vegetable or animal oils or products derived from 
them, and shall be entirely free from fillers. 
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PROPERTIES AND TESTS. 


3. Flash point—Method 110.31. The flash point shall not be lower 
than 460° F. 

4. Viscosity—Method 30.4. The viscosity at 210° F. shall be 
within the following limits: 135 to 165 seconds. 

5. All tests shall be made according to the methods for testing 
contained in Part 2 of this paper. 
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PART 2. METHODS FOR TESTING LUBRICANTS AND LIQUID 
FUELS. 


INTRODUCTION. 


The following methods are used officially in the routine testin 
and inspection of lubricants and liquid fuels bought under Feder 
specifications. Some of them were originally adopted by the Com- 
mittee on Standardization of Petroleum Specifications, others by the 
Interdepartmental Petroleum Specifications Committee, while many 
of them have been taken from the reports of the American Society 
for Testing Materials, whose cooperation in this work is gratefully 
acknowledged. 

For convenience in referring to the testing methods a numerical 
system of numbering each test has been adopted. The methods 
have been divided into a number of classes which are represented by 
10 or by multiples of 10, such as 10, 20, 30, etc., 100, 110, 120, ete. 

Class 10, for example, includes methods for the determination of 
color, class 20 includes methods for the determination of cloud and 
pour points, class 30 includes methods for the determination of vis- 
cosity, etc. Similarly, class 100 includes all distillation tests, class 
110 includes flash-point methods, ete. 

The first number to the right of the decimal indicates the specific 
method within a given class. This permits of nine different varia- 
tions within each class. For example, 40 represents the class known 
as melting point tests; 40.1 indicates a specific test, namely, the 
melting point of paraffin wax; 40.3 designates the melting point of 
petrolatum; and so on. 

The second number after the decimal indicates the number of times 
the method has been revised. For example, the number 100.11 
means that this method has been revised once; 100.12 indicates that 
the method has been revised twice. 


METHOD 10.11.—COLOR BY SAYBOLT CHROMOMETER. 
|A. 8S. T. M. method D156-23T.] 


1. The color of all refined oils (naphthas, kerosenes, etc.) shall be 
determined by means of the Saybolt chromometer (Fig. 1). 


APPARATUS. 


2. (a) The Saybolt chromometer (Fig. 1) shall consist of two glass 
tubes having an internal diameter of not less than 14 mm. nor more 
than 16 mm. One glass tube, 20 inches in length, shall be perma- 
nently closed at one end with a colorless, plano glass disk, and be 
mounted in a suitable metal collar provided with a small pet cock for 
draining the tube. This glass tube shall be graduated in }-inch 
divisions, numbered in inches. The other tube, 19 inches in length, 
shall be open at both ends, one end being mounted in a suitable metal 
collar which will hold the colorstandards, and a black metal diaphr. 
with a circular aperture 12 mm. in diameter. The mounting of this 
tube shall be such as to give equal length to both tubes. The tubes 
shall be mounted vertically and shall be covered at their upper end 
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with a removable diaphragmed metal cap 
about 1 inch in length and of sufficient diam- 
eter to slip easily over the end of the tubes. 
The circular diaphragm aperture shall be 14 
mm. in diameter. 

(6) The instrument shall be provided with a 
suitable optical head consisting of prisms and 
eyepiece. The prisms shall be of a suitable 
form, matched in their refracting areas and 
angles, and so mounted as to avoid possibility 
of disarrangement. They shall beso arranged 
that the light rays passing through the tubes 
shall be deflected to a central aperture which 
is viewed by the eyepiece. The arrangement 
shall be such as to provide a circular field of 
vision, the two halves of which are illumi- 
nated by the light transmitted by the sample 
and the color standard, respectively. 

3. (a) Light shall be provided by means of a 
reflecting mirror with a finely frosted surface 
set at a suitable angle and so arranged that 
the reflected light shall poss through suitable 
openings and through the glass tubes in par- 
allel rays; or it shall be provided by project- 
ing a diffused light directly up through the 
tubes, from the base of the instrument. 

(6) The light shall be supplied by an arti- 
ficial daylight lamp so arranged as to pro- 
ject a diffused light on the reflecting mirror 
or directly up through the tubes. 


TaB.e 1.—Color standards, corresponding to heights of oil. 


SAYBOLT CHROMOMETER. 


Google 


m- ||Nom- 
Height| Color || ber | Height| Color 
of oil. | shade. |] of | of oil. | shade. 
ks. disks. 
Inches. Inches. 
1] 2.0 +25 |}7 2) 5.50 +4 
1] 18.0 +24 | 2| 5.25 +3 
1] 16.0 +2 2)| 5.00 +2 
1] 14.0 +22 2) 4.75 +1 
1} 120 +21 2) 4.50 0 
1] 10.75 +20 2) 4.25 -1 
1 9.50 +19 2) 4.00 —2 
1 8, 25 +18 2) 3.75 -3 
1 7.2 +17 2) 3.625 -—4 
1 6. 25 +16 2! 3.50 —5 
2] 10.50 +15 2) 3.375 —6 
2 9,75 +14 2) 3.2 —7 
2 9.00 +13 2) 3.125 -8 
2 8. 25 +12 2) 3.00 -9 
2 7.75 +11 2) 2.875} —10 
2 7.25 +10 2] 2.75 -ll 
2| 6.75 +9 2) 2.625) —12 
2] 6.50 +8 2] 2.50 —13 
2 6. 25 +7 2) 2.375) —14 
2 6.00 +6 2] 2.25 -15 
2 5.75 +5 2) 2.125) —16 
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(c) The artificial daylight lamp shall consist of a C2 National 
Mazda lamp, the rays of light from which shall pass through a glass 
color screen of such composition and color as, in conjunction with the 
C2 National Mazda lamp, will yield by spectrum analysis a light 
closely approximating northern daylight. 

In case electric current is not available, the chromometer may be 
used by exposing the mirror to northern daylight with no colored 
objects in the immediate foreground, but the artificial daylight lamp 
shall be required in referee work. 

4. The color standards shall consist of suitable glass disks. 


PROCEDURE. 


5. (a) The Saybolt chromometer shall be assembled and the light 
source so adjusted that a diffused light, with absence of glare or 
shadow, stiall be projected on the reflecting mirror, or projected 
directly through the tubes from the base of the instrument, thereby 
ere maa the mirror. Light from all other sources shall be ex- 
cluded. 

(b) The oil tube shall be cleaned by rinsing with some of the oil to 
be tested, care being taken to allow the tube to drain thoroughly. 
The pet cock on the oil tube shall then be closed and the tube shall 
be filled with the oil to be tested to a height of 10.5 inches. 

(c) The measurement of the color shall be made by using two 
standard color disks when the oil is darker than the two disks and 
by using one disk when the oil is lighter than the two disks. After 
the number of disks to be used has been determined and the proper 
number is in place in the color standard, the oil tube shall contain 
a sufficient height of oil for the color of the oil to be decidedly darker 
than the color standard, additional oil being added if necessary. 
The oil shall then be drawn off slowly by means of the pet cock until 
the oil appears slightly darker than the color standard. The oil shall 
then be drawn down to the nearest height corresponding to a stand- 
ard color shade as shown in Table 1. If the color of the oil observed 
through the eyepiece is still darker than the color standard, the oil 
shall be drawn down to the next height given in Table 1 and 
examined again. This operation shall be continued until the oil 
and color standard match or show questionable differences. The 
column of oil shall be lowered one shade more, and if the oil is un- 
mistakably lighter than the color standard the previous color shade 
shall be recorded as the Saybolt chromometer color. 


APPENDIX. 
The following examples of the procedure are given: 


USING ONE DISK. 


Oil darker ‘at height.0f: =. 022- 2s--2s4e0secsecscunecsanenceas 16 inches. 
Oil darkerat heightiofc2 22s 5-4 seteananse se seaeastasessace 14 inches. 
Oil questionable at height of _____-------.------------------- 12 inches. 
Oillighter.at height of... -.2-225 224.05 2025-0- 42-032 22cculs 10. 75 inches. 
Color is. 223.23 Jose Ste cake Se see cet ast te sods epootesestecc +21 
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COLOR. 33 


USING TWO DISKS. 


Oil darker at height of-_....-_.---------------------------- 4.5 inches. 

Oil darker at height of-___------- KSB De asepasnae ose eobes ase 4.25 inches. 

Oil questionable at height of__-...._-------.---------------- 4.0 inches. 

that tia at height of...---.---------..--.- PE Semicetaoes 3.75 inches, 
OMe ie 22222 82s owe p a scect ees Bee eaten eseee —2 


METHOD 10.2.—COLOR BY UNION COLORIMETER. 


[A. 8S. T. M, Method D155-23T,] 
APPARATUS. 


1. The color of all lubricating oils shall be determined by means 
of the Union colorimeter. 


Fiaur£ 2.—Union colorimeter. 


2. (a) The Union colorimeter (Fig. 2), shall consist of a box, a, 
glass color standards, a glass s jar alight shield, 6, and a daylight lamp, c. 

(6) The box, a (Fig. 2), all have an interior finish of dull black, 
and mney be constructed of metal or wood, approximately 18 inches 
in length and 14 inches in depth in inside dimensions, the observation 
end being 2% inches in width and the end next to the source of light 
3 inches in width. 

A transverse vertical partition having a circular holein the end 4 inch 
in diameter shall be placed 14 inches from the observation end of the 
box. In the opposite end shall be mounted a rectangular piece of pure 
white opal glass, approximately 3} inches by 1} inches by yg inch, 
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which shall be ground or etched on the inner side to diffuse light rays. 
Approximately 24 inches from the light end of the box shall be a 
second vertical partition 1 inch in thickness having two openings 
about } inch in diameter at light-source side and about 7%; inch in 
diameter on opposite side, symmetrically located in regard to the 
vision line. If the standards are not mounted, a vertical partition 
shall be placed approximately 3} inches from the light-source end; 
this partition shall have a tiieaieas of } inch and shall have two 
circular openings 3%; inch in diameter and 1} inches apart. Extend- 
ing from the opal glass to this partition along the horizontal axis of the 
box shall be a vertical partition approximately $ inch in thickness for 
distance of 13 inches and then continuing with a thickness of } inch 
until it abuts against the transverse partition, which in conjunction 
serves to divide the light end of the box into two compartments. 
In the top of the box, immediately over the centers of these two 
compartments, there shall be circular holes of such a size to accom- 
modate the standard jar and 4-ounce oil sample bottles. In the top 
of the box, directly above the }-inch opening in the left side of the 
second partition, there shall be an opening or slot suitable for placing 
the glass color-standards in a vertical position in the opening in the 
partition. If the color standards are not mounted in a magazine, 
this opening shall be provided with a sliding cover so that all light 
may be excluded. If all the glass standards are mounted in a mag- 
azine, suitable arrangements shall be made for this magazine to be 
raised or lowered through the opening provided for the glass stand- 
ards, and when such a magazine is used, a hole may be located in the 
left side of the box through which the numbers of the mounted glass 
standards may be read. For convenience, numbers may be stamped 
on the magazine as mirror images, and a swinging murror ey be 
provided on the side of the box so that the operator may read the 
numbers on the magazine from the front of the instrument. 


TaBLe 2.—Glass color standards of Union colorimeter. 


3 National | Lovibond analysis, 
ae u ras Petroleum = 
or |leumco,| Sssociation | National Petroleum Asso- | 
SOtgs | peur V2: color ciation names. Red, | Yellow, | Blue, 
num-| designa | numbers. 200 510 1180 
bers.) tions. (1915). series. | series. | series. 
1 G Nos IN. PAG) ily whites: cs2.2.2.ccceae 0.12 ay Ree 
1} H No. 14. N. P. | Cream white.-..............- 0.60 B.0 Wsoseass 
2 I No.2N.P.A .| Extra pale.......cscescscsse 2.5 26.0 
24 J Ne 2 .N.P. | Extra lemon pale. . ce 4.6 27.0 
3 K .| Lemon pale...... 6.9 32.0 
34 L .| Extra orange pale 9.4 45.0 
4 M .| Orange pale.. 14.0 50.0 
4} N Pale. 21.0 56.0 
5 Oo Siaight ted. sass dsectdees ees 35.0 93.0 ]........ 
6 P .| Dark red... Dee fs 60.0 60.0 0,55 
cy Q Claret red. 60.0 106.0 1.8 
8 BR MOE ci setes s faasaeeutenecagwasaigeencs gon ont 166.0 GAO. fecwscces 
A A Cylinder oil, extra light, 10.2 a eee 
filtered, 
Dd BD Wescsececeeeit Cylinder oil, light, filtered... 21.0 | Oa a ee 
E Ye i MCiagetiaesadig Cylinder oil, medium filtered. 89.0 56.0 aoe 


@N. P. A. color of 1915 changed slightly to make 3} more nearly midway between 3 and 4, 
> A new color, 
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(c) The glass color standards shall be 15 in number as specified 
in Table 2. These glasses may be kept separately or for convenience 
may be mounted in a magazine. it so mounted, there shall be a 
blank opening provided in the magazine so that two bottles of oil may 
be compared in the colorimeter as well as a sample of oil and the 
glass color standards. The glass color standards shall be not less 
than 3 inch across. 

(d) The standard glass jar (Fig. 3) shall be a true cylinder of clear 
colorless glass. The internal diameter shall be not less than 32.5 mm. 
nor more than 33.5 mm. The thickness of the wall shall be 1.75 
mm. +0.25mm. The height of the cylinder shall be 5inches +} inch. 

(e) The light-proof cover (Fig. 2,5) shall be of any suitable material. 
It shall be dull black on the inside and of such size as to completely 
shield all light from the tops of the cylinders, 
or oil sample bottles, when they are in place “4% 
in the colorimeter. 

(f) The artificial daylight lamp (Fig. 2, c) 
may for convenience be fastened to the base 
supporting the box. It shall consist of a 50- 
watt C2 National Mazda lamp, fitting into a 
socket on a swivel fitted with a parabolic metal : 4 : 
reflector. The inside of this reflector shall be ‘nx  j2%%,, 
brightly silvered at all times with bright alumi- if ca 
num paint or brightly polished silver or nickel. 
In the front of the reflector shall be mounted 
a dished, but not lenticular, glass color-screen 
of such composition and color as, in conjunc- 
tion with the C2 Mazda lamp, will yield by 
spectrum analysis a light closely approximating 
northern daylight. When in normal position, : 
the color screen shall be 4 inches from the white __¥ _ 
opal glass. 

When electric current is not available, the Maurer 3. Standard glass Jar 
colorimeter may be used by exposing the opal j 
glass to northern daylight with no colored objects in the immediate 
oreground, but the artificial daylight lamp shall be required in 
referee work. 


Thickness of Walls 1.75 mm, 4 0.25mm. 


PROCEDURE. 


3. The oil, when examined, shall be at room temperature unless 
its cloud point is above the temperature of the room, in which case 
the oil shall be heated to a temperature of not more than 10° F, 
above its cloud point. The oil to be examined may be observed in 
the ordinary 4-ounce sample bottle, but in referee work a standard 
jar shall be used. The jar shall be placed in the right-hand compart- 
ment while in the other compartment shall be placed a 4-ounce 
sample bottle of distilled water. The jar and bottle shall be covered 
with the shield, and the artificial da light lamp lighted. One at a 
time, the glass color standards shall be placed between the bottle of 
distilled water and the eye, in the slot provided for them, until the 
nearest match possible is obtained. If the standards are not mounted 
in a magazine, the slide on the top of the box shall be pressed against 


a ae standard to keep out light, while an observation is being 
made. 
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4. Filtered cylinder oils and other oils that are darker than No. 8 
color (Table 2) shall be diluted with water-white kerosene, the color 
of which is not darker than No. 21 as determined in accordance with 
the “Tentative method of test for color of refined petroleum oil by 
means of Saybolt chromometer” (serial designation: D156-23T) of 
the American Society for Testing Materials Rone method 10.11), a 
mixture of exactly 15 per cent by volume of oil, and 85 per cent by 
volume of kerosene being used in all cases. This mixture shall then 
be compared with the three cylinder-oil standards, or optionally 
with the standards ranging from No. 1 to No. 8, inclusive. The 
daylight lamp may be brought closer to the opal glass in determining 
the darker colors. 

The numbers or letters designating the color of all oils that have 
been diluted to make the determination shall be followed by the 
designation ‘‘ Dil.” 


METHOD 20.11.—CLOUD AND POUR POINTS, 
[A. 8S. T. M. Method D97-22T.) 


1. (a) The cloud point of a petroleum oil is that temperature at 
which paraffin wax or other solid substances begin to crystallize out 
or separate from solution when the oil is chilled under certain definite 
specified conditions. 

(b) The pour point of a petroleum oil is the lowest temperature at 
which this oil will pour or flow when it is chilled without disturbance 
under certain definite specified conditions. 

2. (a) The test for cloud point shall be used only for oils which 
are transparent in layers 14 inches thick. 

(b) The test for pour point shall be used for all other petroleum 
oils and may be used for oils on which the test for cloud point is 
permitted. 


APPARATUS. 


3. The test jar a shall be of clear glass, cylindrical form, flat bot- 
tom, approximately 1} inches in inside diameter and 4} to 5 inches 
high (see Fig. 4). An ordinary 4-ounce oil sample bottle may be used 
if the test jar is not available. 

4. The thermometer 6 shall conform to the following specifications: 


Type: Etched stem, glass. 
Total length: 222 mm. 
Stem: Plain front, enamel back, suitable thermometer tubing; diameter, 7 to 8 


mm. 

Bulb: Corning normal, Jena 16 III, or equally suitable thermometric glass; 
maximum length, 9.5 mm.; diameter, not greater than stem. 

Actuating liquid: Mercury. 

Range: —36° to +120° P. 

Immersion: 4} inches; the words ‘‘4} in. Immersion”’ shall be etched on tube, 
and a line etched around the stem to indicate the depth of immersion. 

Distance to —36° line from bottom of bulb: 120 to 180 mm. 

Distance to 120° line from top of stem: 19 to 25 mm. 

Expansion chamber: To hold 212° F. 

Filled: Nitrogen gas. 

Top finish: Plain. 

Graduation: All lines, figures, and letters clear cut and distinct; scale gradu- 
ated in 2° F. divisions; scale numbered every 20° F., starting at —20°. The —30° 
line and each succeeding 10° line to be longer than the others. 
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Special markings: ‘‘A.S.T. M. Cloud and Pour,” serial number, and manufac- 
turer’s name or trade-mark etched on the stem. 

_ Accuracy: Error at any point on scale shall not exceed.one smallest scale divi- 
sion. 

Points to be tested for certification: —28°, +32°, +92° F. 

’ 5. The cork ¢ shall fit the test jar, and shall be bored centrally to 
take the test thermometer. 

6. The jacket d shall be of glass or metal and shall be water tight, 
of cylindrical form, flat bottom, about 44 inches deep, with inside 
diameter } inch greater than outs;qe diameter of the test jar. 

7. Adisk of cork or felt, e, } inch 
thick and of the same diameter as 
the inside of the jacket will be 
required. 

8. The ring gasket f shall be 
about 33; inch thick, and made 
to fit snugly around the outside 
of the test jar and loosely inside 
the jacket. This gasket may be 
made of cork, felt, or other 
suitable material, elastic enough 
to cling to the test jar and hard 
enough to hold its shape. The 
purpose of the ring gasket is to 
prevent the test jar from touching 
the jacket. 

9. The cooling bath g shall be 
of a type suitable for obtaining 
the required temperatures. The 
size and shape of the bath are 
optional but a sapyOr ts suitable 
for holding the jacket firmly in a 
vertical position, is essential. 
The required bath temperatures 
may be maintained by refrigera- 
tion if available, otherwise by 
suitable freezing mixtures. 

Nortre.—The freezing mixtures com- 
monly used are as follows: 


For temperatures down to 35° F., ice 

ang water. 4 Fe: ang 
‘or temperatures down —5° F. = us d r test: 
crushed ice and sodium chloride. é Mrest | a % Siemmaumecn soca, Beets ¢, dial 

For temperatures down to —25° F., _— of cork or felt; /, ring gasket; g, cooling bath. 
crushed iceand calcium chloridecrystals. 

For temperatures down to —70° F., solid carbon dioxide and acetone. 

The last-named mixture may be made as follows: In a covered metal beaker 
chill a suitable amount of acetone to 10° F., or lower, by means of an ice-salt mix- 
ture. Invert a cylinder of liquid carbon dioxide and draw off carefully into a 
chamois-skin bag the desired amount of carbon dioxide, which through rapid 
evaporation will quickly become solid. Then add to the chilled acetone enough of 
the solid carbon dioxide to give the desired temperature. 


PROCEDURE FOR CLOUD POINT. 
10. The oil to be tested shall be brought to a temperature at least 


25° F. above the approximate cloud point. Moisture, if present, 
shall be removed by any suitable method, as by filtration through 
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dry filter paper until the oil is perfectly clear, but such filtration shall 
be made at a temperature at least 25° F. above the approximate 
cloud point. 

The clear oil shall be poured into the test jar a to a height of not less 
than 1 nor more than 1} inches. The test jar may be marked to indi 
cate the proper level. 

The test jar shall be tightly closed by the cork ¢ carrying the test 
thermometer b in a vertical position in the center of the jar with the 
thermometer bulb resting on the bottom of the jar. 

The disk e shall be placed in the bottom of the jacket d and the test 
jar with the ring ackat f 1 inch above the bottom shall be inserted 
into the jacket. The disk, jacket, and inside of the jacket shall be 
clean and dry. 

The temperature of the cooling bath g shall be adjusted so that it 
is below the cloud point of the oil by not less than 15° nor more than 
30° F., and this temperature shall be maintained throughout the test. 
The jacket containing the test jar shall be supported firmly in a 
vertical position in the cooling bath so that not more than 1 inch of 
the jacket projects out of the cooling medium. 

At each test thermometer-reading which is a multiple of 2° F. the 
test jar shall be removed from the jacket quickly but without dis- 
turbing the oil, inspected for cloud, and replaced in the jacket. This 
eenipiste operation shall require not more than 3 seconds. 

en such inspection first reveals a distinct cloudiness or haze 
in the oil at the bottom of the test jar, the reading of the test ther- 
mometer, corrected for error if necessary, shall be recorded as the 
cloud point. 
PROCEDURE FOR POUR POINT. 


11. The oil to be tested shall be brought to a temperature of 90° F., 
or to a temperature 15° higher than its pour point if this pour point 
is above 75° F. The oil shall then be poured into the test Jar a 
to a height of not less than 2 nor more than 2} in.! 

The jar may be marked to indicate the proper level. 

The test jar shall be tightly closed by the cork ¢ carrying the 
test thermometer 6 in a vertical position in the center of the jar, 
with the thermometer bulb immersed so that the beginning of the 
capillary shall be 4 inch below the surface of the oil. 

S aiak e shall be placed in the bottom of the jacket d and the 
test jar, with the ring gasket f 1 inch above the bottom, shall be 
inserted into the jacket. The disk, gasket, and inside of jacket 
shall be clean and dry. 

After the oil has cooled enough to allow the formation of paraffin 
wax crystals, great care shall be taken not to disturb the mass 
of the oil nor to permit the thermometer to shift in the oil. Any 
disturbance of the spongy network of wax crystals will lead to low 
and fictitious results. 

The temperature of the cooling bath g shall be adjusted so that it is 
below the pour point of the oil by not less than 15° nor more than 30° 
F., and this temperature shall be maintained throughout the test. 
The jacket containing the test jar shall be supported firmly in a 
vertical position in the cooling bath so that not more than 1 inch 
of the jacket projects out of the cooling medium. 


1 Test jar and contents shall be immediately placed in the previously assembled apparatus, 
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At each test thermometer-reading which is a multiple of 5° F. the 
test jar shall be removed from the jacket carefully and shall be 
tilted just enough to ascertain whether the oil around the ther- 
mometer remains liquid. As long as the oil around the thermometer 
flows when the jar is tilted slightly, the test jar shall be replaced in 
the jacket. The complete operation of removal and replacement 
shall require not more than 3 seconds. As soon as tho oil around 
the thermometer does not flow when the jar is tilted slightly, the test 
jar shall be held in a horizontal position for exactly 5 seconds 
and observed carefully. If the oil around the thermometer shows 
any movement under these conditions, the test jar shall be immedi- 
ately replaced in the jacket and the same procedure shall be repeated 
at the next temperature reading 5° F. lower. In determining the 
pour point of oils it shall be noted that the first movement of oil 
sometumes is not around the thermometer but from the sides of the 
test jar. In such cases this movement shall be considered in making 
the test. As soon as a temperature is reached at which the oil around 
the thermometer shows no movement when the test jar is held in a 
horizontal position for exactly 5 seconds, the test shall be stopped. 

The lowest reading of the test thermometer, corrected for error 
if necessary, at which the oil around the thermometer shows any 
movement when the test jar is held in a horizontal position for 
exactly 5 seconds, shall be recorded as the pour point. It shall 
be noted that the pour point is the temperature 5° F. above the 
solid point or temperature at which the test is discontinued. 


METHOD 30.4.—VISCOSITY. 
[D88—23T, A. 8, T. M.] 


1. (a) Viscosity shall be determined by means of the Saybolt 
Universal or Saybolt Furol viscosumeter. 

(6) In general, the Saybolt Universal viscosimeter shall be used 
for lubricants and the Saybolt Furol viscosimeter for fuel oils and 
other oils of similar viscosity. 

(c) The Saybolt Universal viscosimeter shall not be used for times 
of flow less than 32 seconds. 


Dimensions of oil tubes. 


Saybolt Universal viseosi- | sa yholt Furol viscosimeter. 


Dimensions. <— a 
Mini- Maxi- Mini- 7 Maxi. 
mum, | Normal. | mum. mum, | Normal. | mum. 
Centime- | Centime-| Centime- | Centime- | Centime- | Centime- 
ters. ters. ters. ters. ters, ters. 
Inside diameter of outlet tube............. 0. 1750 0. 1765 0. 1780 0. 313 0.315 0. 317 
Outside diameter outlet tube at lowerend.| 0. 28 0. 30 0. 32 0. 40 0. 43 0. 46 
Length of outlet tubeo. 2.2... eee eee 1. 215 1. 225 1. 235 1, 215 1. 225 1. 235 
Height of overflow rim above bottom of 
Outlet tubeG.. oo su. ac cpicascovess eustavs 12. 40 12.50 12. 60 12. 40 12. 50 12.60 
Diameter of container@.........2.....2..- 2.955 2.975 2. 995 2.955 2.975 2.995 
Depth of cylindrical part of container@....) 88 = |...-..2-..|--2-2-.06- BiB! “Hovetdesass[eeseteasac 


* This dimension is identical in the Saybolt Universal and the Saybolt Furol instruments. 


. 
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APPARATUS. 


2. (a) The Saybolt viscosimeters (Fig. 5) are made entirely of 


metal. 


The oil tube A is fitted at the top with an overflow cup, B, 


and the tube is surrounded by a bath. At the bottom of the oil 
tube is a small outlet tube through which the oil to be tested flows 
into a receiving flask (Fig. 6) whose capacity at 20° C. (68° F.) to a 
mark on its neck is 60, +0.15,¢c.c. The lower end of the outlet tube is 


LLL 


PZ, 


L 


FicurE 5.—Sectional view of stand- 
ard ail tube. 


enclosed by a reat tube, which when stop- 
pers by a cork, C, acts as a closed air cham- 
yer and prevents the flow of oil through the 
outlet tube until the cork is removed and the 
test started. A looped string may be at- 
tached to the lower end of the cork as an 
aid to its rapid removal. The temperatures 
in the oil tube and in the bath are shown by 
thermometers. The bath may be heated by 
any suitable means. The oil tube shall be 
thoroughly cleaned, and all oil entering the 
oil tube shall be strained through a 60-mesh 
wire strainer. A stop watch shall be used 
for taking the time of flow of the oil and a 
ete shall be used for draining the over- 
w cu 


cup. 

(b) The oil tubes, 
which may be stand- 
ardized by the United 


States Bureau of 
Standards, shall con- 
form to the dimen- 


sions given in the 
table. 

(c) The bath and oil 
tube thermometers 
shall conform to the 
following require- 
ments. ey cover 
two sets of four ther- 
mometers each, one 
set being graduated in 
Fahrenheit degrees 
and the other set in 


Figure 6.—Receiving flask. 


centigrade degrees, the ranges being chosen to include the temper- 
atures commonly used in testing. 


Type: Etched stem, glass. 


Liquid: ihe 

Ranges and subdivisions: 
Range 66—-80° 
Range 94-108° 


. 


F., subdivision in 0.2° F. for tests at 77° F. 
F,, subdivision in 0.2° F. for tests at 100° F 


Range 120-134° F., subdivision in 0.2° F. for tests at 122° and 130° F. 
Range 204-218° F., subdivision in 0.2° F. for tests at 210° F. 


Range 19-27° C., subdivision in 0.1° C. for tests at 25° C. 
Range 34-42° C., subdivision in 0.1° C. for tests at 40° C. 
Range 49-57° C., subdivision in 0.1° C. for tests at 50° C. 
Range 95-108° C., subdivision in 0.1° C. for tests at 100° C. 


or— 
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Total length: 252 to 256 mm. (9.92 to 10.08 in.). 

Stem: Plain front, enamel back, suitable thermometer tubing. Diameter, 6 
to 7 mm. (0.236 to 0.275 in.). 

Bulb: Corning normal or equally suitable thermometric glass; length, 25 to 
35 mm. (1.0 to 1.4in.); diameter, not less than 5 mm. (0.197 in.) and not greater 
than that of stem. 
tonpiee to lowest specified graduation from bottom of bulb: 135 to 150 mm. (5.3 

-9 in.). 
‘ Fo ie to highest specified graduation from top of stem: 20 to 35 mm. (0.8 to 
4 in.). 

Contraction chamber: To be of long narrow type, top to be not more than 60 
mm. (2.36 in.) above bottom of bulb, mercury to stand in contraction chamber 
at 32° F. (0° C.). 

Expansion chamber: To permit heating the thermometer 90° F. (50° C.) above 
rye ro aces on scale, and in all cases to permit heating to 212° F. 

Filling above mercury: Nitrogen gas. 

Top finish: Glass ring. 

Graduation: All lines, figures, and letters clear cut and distinct. The first and 
each succeeding 1° F. or 0.5° C. line to be longer than the remaining lines. Grad- 
uations to be numbered at each multiple of 2° F. or 1° C. 

Immersion: Total. 

Special marking: ‘‘A. 8. T. M.” Viscosity test points to be numbered in full 
figures and in red, other graduations and figures in black. A serial number and 
the manufacturer’s name or trade-mark shall be etched on the stem. 

Scale error: The error at any point of the scale shall not exceed 0.2° F. (0.1° C.). 

Standardization: The thermometers are to be standardized for the condition 
of total immersion. 

Case: Each thermometer shall be supplied in a suitable case on which shall 
appear the marking, ‘‘A. 8. T. M., Saybolt Viscosimeter Thermometer,’”’ and the 
range. 


TEMPERATURE OF TESTING. 


3. (a) With the Saybolt Universal viscosimeter, determinations 
ae ze mee at 100° F. (37.8° C.), 130° F. (54.4° C.), or 210° F. 
98.9° C.). 

(b) With the Saybolt Furol viscosimeter determinations shall be 
made at 122° F. (50° C.). 

(c) Viscosities shall be expressed as — seconds, Saybolt Universal 
(or Sa cg Furol), being the time in seconds for the delivery of 60 
c. c. of oil. 

(d) Fuel oils and other oils of similar weorey, showing a time of 
less than 25 seconds, Saybolt Furol, at 122° F., shall be tested in the 
Saybolt Universal at 122° F. Oil showing a time of less than 32 
seconds, Saybolt Universal, at 122° F., shall be measured in the 
Saybolt Universal at 100° F. (37.8° C.).. These methods of test do 
not apply to fuels having a viscosity at 100° F. of less than 32 seconds, 
Saybolt Universal, which are not considered to be fuel oils. 


PROCEDURE. 


4. The bath shall be held constant within 0.25° F. (0.14° C.) at 
such a ge Seah: as will maintain the desired temperature in the 
oil tube. For viscosity determinations at 100, 122, and 130° F., oil 
or water may be used as the bath liquid. For viscosity determina- 
tions at 210° F., oil shall be used as the bath liquid. Viscosity 
determinations shall be made in a room free from draughts, and from 
rapid pane in temperature. All oil introduced into the oil tube 
either for cleaning or for test shall first be passed through the strainer. 


T7877 °—24_4 
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To make the test, heat the oil to the necessary temperature and 
clean out the oil tube. Pour some of the oil to be tested through 
the cleaned tube. Insert the cork stopper into the lower end of the 
air chamber at the bottom of the oil tube, far enough to prevent the 
escape of air but not to touch the small outlet tube. 

eat the oil to be tested, outside the viscosimeter, to slightl 

below the temperature at which the viscosity is to be deteriinad, 
and pour it into the oil tube until it ceases to overflow into the over- 
flow cup. By means of the oil-tube thermometer, keep the oil in the 
oil tube well stirred, and also stir well the liquid in the bath. It is 
extremely important that the temperature of the bath be maintained 
constant during the entire time consumed in making the test. When 
the temperatures of the bath and of the oil in the oil tube are constant 
and the oil in the oil tube is at the desired temperature, withdraw 
the oil-tube thermometer; quickly remove the surplus oil from the 
overflow cup by means of a pipette, so that the level of the oil in the 
overflow cup is below the level of the oil in the tube proper; place the 
60-c.c. flask (Fig. 6) in position so that the stream of oil from the outlet 
tube will strike the neck of the flask so as to avoid foam. Snap the 
cork from its position, and at the same instant start the stop watch. 
Stir the liquid in the bath during the run and carefully maintain it 
at the previously determined proper temperature. Stop the watch 
when the bottom of the meniscus of the oil reaches the mark on the 
neck of the receiving flask. 

The time in seconds for the delivery of 60 c.c. of oil is the Saybolt 
Universal (or Saybolt Furol) viscosity of the oil at the temperature 
at which the test was made. 


METHOD 40.1.—MELTING POINT OF PARAFFIN WAX. 
[A. 8. T. M, Method D87-22.) 
DEFINITION. 


1. The A. S, T. M. paraffin-wax melting point is the temperature 
at which melted paraffin wax, when allowed to cool under definite 
poauee conditions, first shows a minimum rate of temperature 
change. 

APPARATUS. 


2. Waz container.—Test tube of standard form, 25 mm. (1 inch) 
outside diameter and 100 mm. (4 inches) long. It may be marked 
with a filling line 2 inches above the bottom. is test tube shall be 
closed by a tightly fitting cork having two openings, one at the center 
for the melting-point thermometer and the other for a stirrer at one 
side of the center. The opening for the stirrer may be lined with 
glass or metal tubing to act as a guide for the stirrer. 

3. Air bath.—Suitable water-tight cylinder, 2 inches in inside 
diameter and 44 inches deep. This air bath shall be provided with 
a tightly fitting cork having a central opening for holding the test 
tube firmly in a vertical position in the center of the air bath. 

4. Water bath—Suitable cylinder, 54 inches in inside diameter and 
6 inches deep. This water bath shall be provided with a suitable 
cover and with the guides and fasteners necessary to hold the air 
bath firmly in a vertical central position so that the sides and bottom 
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of the air bath shall be surrounded by a layer of water 14 inches 
thick. The water-bath cover shall have a slot for the introduction of 
a suitable stirrer and shall have an opening for the bath thermometer 
so that the latter may be suspended in a vertical position } inch from 
the outside wall of the water bath. Air bath, water bath, and water- 
bath cover may be conveniently made of metal in one assembly, as 
shown in Figure 7. 

5. Stirrer in test tube.—Brass or copper wire, }$ inch in diameter 
and about 12 inches long. A circular loop, 4 inch in diameter, shall 
be formed at one end of this wire in sick a manner that the loo 
lies in a horizontal plane when the rest of the wire is in a yerticl 
position. The stirrer thus formed shall be passed through the proper 
opening in the test-tube cork and the upper end may then be bent 
into a shape convenient for holding. 

6. Thermometer—The A. S. ‘I. M. paraffin-wax melting-point 
thermometer shall conform to the following specifications: 

Type: Etehed stem, glass. 


Total length: 368 mm. 
Stem: Plain front, enamel back, suitable thermometer tubing; diameter 6 to 


mm. 

Bulb: Corning normal, Jena 16 III, or equally suitable thermometric glass; 
length, maximum, 28 mm.; diameter, not greater than stem. 

Actuating liquid: Mercury. 

Range: 80° to 160° F. 

Immersion: 3} inches; the words ‘‘3} in. Immersion” shall be etched on the 
stem and also a line around the stem to indicate the depth of immersion. 

Distance to 80° line from bottom of bulb: 105 to 115 mm. 

Distance to 160° line from top of stem: 25 to 40 mm. 

Contraction chamber: Top to be not more than 41 mm. from bottom of bulb. 

Expansion chamber: To hold 212° F. 

Filled: Nitrogen gas. 

Top finish: Plain. 

Graduation: All lines, figures, and letters to be clean cut and distinct; scale 
graduation in 0.2° F. and numbered every 2° F., every full degree line to be longer 
than the others. 

Special markings: ‘‘A. 8. T. M. Pffe. M. P.,”’ serial number, ard manuface 
turer’s trade-mark or name etched on the stem. 

ON aide | Error at any point on the scale shall not exceed one smallest scale 
vision. 

Points to be tested for certification: 80°, 100°, 120°, 140°, 160° F. 

7. Bath thermometer of any suitable type, accurate to 2° F, 
throughout the required range. 


PROCEDURE. 


8. An average sample of the wax to be tested shall be melted in a 
suitable container in a water bath whose temperature shall be not 
more than 35° F. above the approximate melting point of the wax 
sample. Direct heat, such as a flame or hot plate, shall not be used 
and the wax sample shall not be held in the melted condition any 
longer than necessary. 

he test tube altho filled with melted wax to a height of 2 inches. 
The test-tube cork, carrying the stirrer and the melting-point ther- 
mometer with the 34-inch immersion line at the under surface of the 
cork, shall be inserted into the test tube for a distance of 4 inch. 
The lower end of the thermometer bulb shall then be 3 inch from 
the bottom of the test tube. 
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The air bath being in its proper position in the water bath, the 
latter shall be filled to within 4 inch of the top with water at a tem- 
perature 15° to 20° F. below the approximate melting point of the 
wax sample. 

The test tube containing the melted wax, with wax stirrer and 
thermometer in place, shall be inserted into the air bath in a central 
vertical position so that the bottom of the test tube is 4 inch from 
the bottom of the air 
bath. The temper- 
ature of the water 
bath shall be adjusted 
by stirring if neces- 
sary, so that it shall 
be lower than the 
temperature of the 
wax sample by not 
more than 30° F. and 
not less than 20° F., 
when the wax sample 
has cooled to a tem- 


“x perature 10° F, above 
its approximate melt- 
& ing point. 


en these condi- 
tions have been ob- 
tained, temperature 
adjustment and stir- 
ring of the water 
bath shall be discon- 
tinued. The wax 
shall be stirred con- 
tinuously age the 
remainder of the 
test, the stirring loo 
being moved up an 
down throughout the 
entire length of the 
test tube in a steady 
motion at the rate of 
20 complete cycles 
per minute. The 
melting-point ther- 
' mometer reading, es- 
-* timated to 0.1° F., 
Ficure 7.—Apparatus for determining melting point of paraffin wax shall be observed and 
recorded every 30 seconds. The temperature of the wax will fall 
eecue at first, become almost constant, and then again fall 

radually. 

F The sralingenoint thermometer reading, estimated to 0.1° F., 
shall be observed and recorded every 30 seconds for at least 3 
minutes after the temperature again begins to fall after remaining 
almost constant. The record of temperature aging shall then be 
inspected and the average of the first four readings that lie within a 
range of 0.2° F, shall be considered as the uncorrected melting point. 
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This temperature shall be corrected, if necessary, for error in the 
thermometer scale and the corrected temperature shall be reported 
as the “A. S. T. M. paraffin-wax melting point.” 


ACCURACY. 


9. Duplicate determinations on the same sample should differ by not 
more than 0.2° F. 


METHOD 40.3.—MELTING POINT OF PETROLATUM. 
[A. S. T. M. Method D127-22T.) 


DEFINITION. 


1. A. S. T. M. petrolatum melting point.—The temperature at 
which petrolatum becomes sufficiently fluid to leave the thermometer 
used in making the determination of melting point. 


APPARATUS. 


2. (a) The melting-point thermometer shall conform to the speci- 
fications for the A. S. } M. paraffin-wax melting-point thermometer? 
as specified in section 6 of the tentative method of test for melting- 
pone of peraien wax (serial designation: D 87-22) of the American 

ciety for Testing Materials. 

(b) The bath thermometer shall be of any suitable type accurate 
throughout the required range to 2° F. 

3. The test tubes shall be 25 by 100 mm. in size and shall be sup- 

lied with corks grooved at the sides to permit air circulation and 

ford at the exact center to receive the thermometer. 

4. The beakers shall be of the tall form type and have a capacity 
of 600 c. c. 

PROCEDURE. 


5. (a) Samples of sufficient size that exactly represent the petro- 
latum under inspection shall be procured. The material shall be 
melted slowly in a casserole or other suitable dish with stirring until 
the temperature reaches 180° F. The source of heat shall then be 
removed and the petrolatum allowed to cool to 15° F above the tem- 
perature that is anticipated to be its melting point. The thermom- 
eter bulb shall be chilled to 40° F., wiped dry, and while still cold 
thrust into the melted petrolatum so that approximately the lower 
half is submerged. It shall be withdrawn immediately, held ver- 
tically away from the heat until the surface dulls, and suspended at 
a temperature of not over 80° F. for 60 minutes. 

(b) e thermometer shall be securely fixed in a test tube by 
means of a cork so that the lowest point is 15 mm. above the bottom 
of the test tube. The test tube shall be surrounded with a water 
bath at a temperature of 60° F. The temperature of the bath shall 
be raised at a rate of 2° F. per minute to 100° F.; then at a rate of 
1° F. per minute until the first drop of petrolatum leaves the ther- 
mometer. The temperature at this instant shall be recorded. 


* See method 40.1. 


Google 


46 LUBRICANTS AND LIQUID FUELS, AND METHODS OF TESTING. 


6. If the variation of three such determinations does not exceed 2° 
F., the average of these three determinations shall be reported as the 
melting point of the sample under test. If the variation of three 
determinations is greater than 2° F., two additional determinations 
shall be made and the average of five determinations reported as the 
melting point. 


METHOD 100.12.—DISTILLATION OF GASOLINE. 
APPARATUS. 


1. Flask.—The standard 100-c. c. Engler flask is shown in Figure 8, 
the dimensions and allowable tolerance being as follows: 


Dimensions of Engler flask. 


; Toler- 

Description. wee Inches. maces 

= cm.) 
Diameter of bulb, o1tside.. -... ss... ccccescesscccedeccecncceesececcssecene 6.5 2.56 0.2 
Diameter of neck, inside 1.6 -63 -l 
Length ofneck......... 15.0 5.91 -4 
Length of vapor tube... 10.0 3.94 +3 
Diameter of vapor tube, outside weve -6 +24 +05 
Diameter‘of; vapor tube, Inside... 2. cs sa.s eds as cence casete vs ccccesceesccse -4 -16 -05 
Thickness of vapor tube Wall... 22.2... ...ccee eee cee ee een enccceenteseese al - 04 +05 


The position of the vapor tube shall be 9 em. (3.55 inches) +3 mm. 
above the surface of the liquid when the flask contains its charge of 
100 c. c. The tube is approximately in the middle of the neck and 
set at an angle of 75° (tolerance +3°) with the vertical. 

2. Condenser.—The condenser (Fig. 9) consists of a 35-inch OD No. 
20 Stubbs gage scamless brass tube 22 inches long. It is set at an 
angle of 75° from the perpendicular and is surrounded with a cooling 
bath 15 inches long, approximately 4 inches wide by 6 inches high. 
The lower end of the condenser tube is cut off at an acute angle, and 
curved downward for a length of 3 inches and slightly backward so 
as to insure contact with the wall of the graduate at a point 1 to 1} 
inches below the top of the graduate when it is in position to receive 
the distillate. 

3. Shield.—The shield (Fig. 9) is made of approximately 22-gage 
sheet metal and is 19 inches high, 11 inches long, and 8 inches wide, 
with a door on one narrow side, with two openings, 1 inch in diameter, 
equally spaced, in each of the two narrow sides, and with a slot cut 
in one side for the vapor tube. The centers of these four openings 
are 8} inches below the top of the shield. There are also three Linch 
holes in each of the four sides, with their centers 1 inch above the 
base of the shield. 

4. Ring support and hard asbestos boards.—The ring support is of 
the Gtilisary laboratoty type, 4 inches or larger in diameter, and is 
supported on a stand inside the shield. There are two hard asbestos 
boards, one 6 by 6 by } inch, with a hole 1} inches in diameter in its 
center, the sides of which.shall be ada aed to the surface; the 
other, an asbestos board to fit tightly inside the shield, with an open- 
ing 4 inches in diameter concentric with the ring support. These 
are arranged as follows: The second asbestos board is placed on the 
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ring and the first or smaller asbestos board on top, so that it may 
be moved in accordance with the directions for placing the distillin 
flask. Direct heat is applied to the flask only through the 1}4-ine 
opening in the first asbestos board. 

5. Gas burner or electric heater.—(a) Gas burner.—The burner is 
so constructed that sufficient heat can be obtained to distill the 


Inside (Not outsid2) 


5.95 * 


tlask contains 100 GC 


ESCM. 
Outside 


FicUBE 8.—Standard 100-c. c. Engler flask for use in making distillation tests of gasoline and kerosene. 


product at the uniform rate specified below. The flame should 
never be so large that it spreads over a circle of diameter greater 
than 34 inches on the under surface of the asbestos board. A sensi- 
tive regulating valve is a necessary adjunct, as it gives complete con- 
trol of heating. 

(b) Electric heater—The electric heater, which may be used in 
place of the gas flame, shall be capable of bringing over the first 
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drop within the time specified below when started cold, and of con- 
tinuing the distillation at the uniform rate. The electric heater 
shall be fitted with an asbestos board, top $ to 4 inch thick, having 
a hole 1} inches in diameter in the center. When an electric heater 
is employed the portion of the shield above the asbestos board shall 
be the same as with the gas burner, but the part below may be 
omitted. 

6. Thermometer.—A. S. T. M. low-distillation thermometer shall 
conform to the following specifications: : 


Type: Etched stem, glass. 

Total length: 381 mm. 

Stem: Plain front, enamel back, suitable thermometer tubing; diameter, 6 to 
7 mm. 


Figure 9.—Distillation outfit (A. 8. T. oe) akraneee 5 cee Of one bare a, 6 by 6 by } inch asbestos 
board; 6, Bunsen burner; c, y4-inch OD No. 20 Stubbs gage brass tube; d, ice-water th; e, blotting 
paper. 


Bulb: Corning normal, Jena 16 III, or equally suitable thermometric glass; 
length, 10 to 15 mm.; diameter, 5 to 6 mm. 

ononay. A uid: Mercury. 

Range: a to 580° F., or 0° C. to 300° C. 

Immersion: Total. 

Distance to 30° F. or 0° C. mark, from bottom cf bulb: 100 to 110 mm. 

Distance to 680° F. or 800° C. mark, from top of stem: 30to 45mm. ~ 

Filled: Lhe gas. 

Top finish: Glass ring. : 

Graduation: All lines, figures, and letters clear cut and distinct; scale grad- 
uated in 2° F., or 1° C. divisions and numbered every 20° F. or 10° C., the first 
and each succeeding 10° F. iy C.) line to be longer than the others. 

Special markings: “A. 8. T. M. Low Distillation,” serial number, and manu- 
facturer’s trade-mark etched on the stem. 

Pers daas Error at any point on scale shall not exceed one-half smallest scale 
vision. 
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Test for permanency of range: After being subjected to a temperature of 560° 
F., or 290° C., for 24 hours the accuracy shall be within the limit specified. 
Pe igs to be tested for certification: 32°, 212°, 400°, 570° F., or 0°, 100°, 200°, 
7. Graduate——The graduate shall be of the cylindrical type, of 
uniform diameter with a pressed or molded base and a lipped top. 
The cylinder shall be graduated to contain 100 c. c. and the gradu- 
ated portion shall be not less than 7 inches nor more than 8 inches 
long; it shall be graduated: in single cubic centimeters, and each 
fifth mark shall be distinguished by a longer line. It shall be num- 
bered from the bottom up at intervals of 10 c.c. The distance from 
the 100-c. c. mark to the rim shall be not less than 1} inches nor 
more than 1} inches. The graduations shall not be in error by more 
than 1 c. c. at any point on the scale. 


PROCEDURE. 


8. (a) The condenser bath shall be filled with cracked ice® and 
enough water added to cover the condenser tube. The temperature 
shall be maintained between 32° and 40° F. (0° and 4.4° C.). 

(b) The condenser tube shall be swabbed to remove any liquid 
remaining from the previous test. A piece of soft cloth attached to 
a cord or copper wire may be used for this purpose. 

(c) One hundred cubic centimeters of the product shall be meas- 
ured in the 100-c. c. graduated cylinder at 55° to 65° F. (12.8° to 
18.3° C.) and transferred directly to the Engler flask. None of the 
liquid shall be permitted to flow into the vapor tube. 

(d) The thermometer provided with a cork shall be fitted tightly 
into the flask so that it will be in the middle of the neck and so that 
the lower end of the capillary tube is on a level with the inside of 
the bottom of the vapor outlet tube at its junction with the neck of 
the flask. 

(ec) The charged flask shall be placed in the 1}-inch opening in 
the 6 by 6 inch asbestos board with the vapor outlet tube inserted 
into the condenser tube. A tight connection may be made by 
means of a cork through which the vapor tube passes. The position 
of the flask shall be so adjusted that the vapor tube extends into the 
condenser tube not less than 1 inch nor more than 2 inches, 

(f) The graduated cylinder used in measuring the charge shall be 
placed, without drying, at the outlet of the condenser tube in such a 
ponact that the condenser tube shall extend into the graduate at 

east 1 inch but not below the 100-c. c. mark. Unless the temper- 
ature is between 55° and 65° F. (12.8° and 18.3° C.) the receiving 
aduate shall be immersed up to the 100-c. c. mark in a transparent 
ath maintained between these temperatures. The top of the 
graduate shall be covered closely during the distillation with a 
piece of blotting paper or its equivalent cut so as to fit the condenser 


tube tightly. 
9. When every song is in readiness, heat shall be applied at a 
uniform rate, so regulated that the first drop of condensate falls 
from the condenser in not less than 5 nor more than 10 minutes. 
When the first drop falls from the end of the condenser the reading 


4 Any other convenient cooling medium may be used, provided that means are readily available for 
determining the temperature. . 
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of the distillation thermometer shall be recorded as the initial boil- 
ing point. The receiving cylinder shall then be moved so that the 
end of the condenser tube shall touch the side of the cylinder. The 
heat shall then be so regulated that the distillation will proceed at 
a uniform rate of not less than 4 nor more than 5 c. ¢. per minute. 
The reading of the distillation thermometer shall be recorded when 
the level of the distillate reaches each 10-c. c. mark on the graduate. 

After the 90 per cent point has been recorded the heat may be 
increased because of the presence of the heavy ends which have high 
boiling points. However, no further increase of heat should be ap- 
plied after this adjustment. The 4 to 5c. ¢. rate can rarely be main- 
tained from the 90 per cent point to the end of the distillation, but 
in no case should the period between the 90 per cent and the end 
point be more than 5 minutes. 

The heating shall be continued until the mercury reaches a maxi- 
mum and starts to fall consistently. The highest temperature ob- 
served on the distillation thermometer shall be recorded as the 
maximum temperature or end point. Usually this point will be 
reached after the bottom of the flask has become dry. 

The total volume of the distillate collected in the receiving grad- 
uate shall be recorded as the recovery. 

The cooled residue shall be poured from the flask into a small 
cylinder graduated in 0.1 c. c., measured when cool, and the volume 
recorded as residue. 

The difference between 100 c. c. and the sum of the recovery and 
the residue shall be calculated and recorded as distillation loss. 


ACCURACY. 


10. With proper care and attention to detail, duplicate results 
obtained for initial boiling point and maximum temperature, re- 
spectively, should not differ from each other by more than 6° F. 
(3.3° C.). 

CORRECTION FOR BAROMETRIC PRESSURE, 


11. The barometric pressure shall be observed and recorded. 
(Pressure A.) The average barometric pressure of the point where 
the gasoline is delivered to the consumer shall be ascertained (from 
records of the United States Weather Bureau). (Pressure B.) No 
correction shall be made unless the difference between pressures A 
and B exceeds 1 inch (25 mm.) of mercury, when the boiling range of 
the gasoline shall be corrected according to the following rule: 

If pressure A is abn than pressure B subtract the corrections 
according to the following table. 
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If pressure A is less than pressure B add the corrections according 
to the following table. 


Correction for each 
inch (25 mm.) of 
Apparent boiling points. difference be- 
tween pressures 
Aand B, 


‘) °C. °F. °F. °C. °F. 
14 33 . 57 91 1.6 2.9 
33 51 91 124 1.7 3.1 
51 70 124 158 1.8 3.2 
70 838 158 190 1.9 3.4 

107 190 225 2.0 3.6 
107 125 225 239 2.1 3.8 
125 144 239 291 2.2 4.0 
144 162 291 324 2.3 4.1 
162 181 324 358 2.4 4.3 
181 199 358 390 2.5 4.5 
199 218 390 424 2.6 4.7 
218 236 424 457 2.7 4.9 
236 255 457 491 2.8 5.0 
255 273 491 523 2.9 5.2 
273 292 523 558 3.0 5.4 
292 310 558 590 3.1 5.6 


METHOD 100.22—DISTILLATION OF KEROSENE. 
APPARATUS AND PROCEDURE. 


The apparatus and procedure are the same as given in method 
100.12 with the following exceptions: 

Paragraph 4: The hard asbestos board, 6 by 6 by } inch, shall 
have a hole 1} inches in diameter in its center. 

Paragraph 6: The A. S. T. M. high-distillation thermometer shall 
conform to the following specifications: 


Type: Etched stem, glass. 

Total length: 381 mm. 

; Stem: Plain front, enamel back, suitable thermometer tubing; diameter, 6 to 

mm. 

Bulb: Corning normal, Jena 16 III, or equally suitable thermometric glass; 
length, 10 to 15 mm.; diameter, 5 to 6 mm. 

guaiing liquid: Mercury. 

Range: 30° F. to 760° F., or 0° C. to 400° C. 

Immersion: Total. 

Distance to 30° F., or 0° C. mark from bottom of bulb: 25 to 35 mm. 

Distance to 760° F., or 400° C. mark -from top of tube: 30 to 45 mm. 

Filled: Nitrogen gas. 

Top finish: Glass ring. 

Graduation: All lines, figures, and letters clear cut and distinct; scale graduated 
in 2° F. or 1° C. divisions and numbered every 20° F. or 10° C., the first and each 
succeeding 10° F. (5° C.) to be longer than the others. 

Special markings: ‘“‘A.8. T. M. High Distillation,” serial number, and manufac- 
turer’s name or trade-mark etched on the stem. 

Accuracy: Error at any point on scale shall not exceed one smallest scale divi- 
sion up to 700° F. or 370° C. 

Tests for anency of range: After being subjected to a temperature of 700° 
F. or 370° C. for 24 hours the accuracy shall be within the limit specified. 
anne to be tested for certification: 32°, 212°, 400°, 700° F. or 0°, 100°, 200°, 
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METHOD 110.1.— FLASH POINT OF VOLATILE FLAMMABLE LIQUIDS 
BY THE TAG CLOSED TESTER. 


[A. 8. T. M. Method D56-21.) 
APPARATUS. 


1. (a) The Tag closed tester (Fig. 10) shall be used for all volatile 
flammable liquids flashing below 175° F., with the exception of 
roducts classed as fuel oil. Determination of the flash point of 
uel oil by the Tag tester is permissible, but the Pensky-Martens 
tester is to be preferred. 

(6) The Ts closed tester shall conform to the following dimen- 
sions within the limits of tolerances given: 

Normal. Tolerances. 

Depth of water surface below top of 

CUD2 =. sascor ite cts ee ee es inches._ 15 (27.8 mm.). +, (0.4 mm.). 
Depth of oil surface below top of 

Cp <0 2 zoteze es alee Pees inches__ 14%; (29.4 mm.). +, (0.4 mm.). 
Depth of top of bulb of oil thermometer 

when in place below top of cup_inches__ 1,5 (33.3 mm.). +; (0.8 mm.). 
Inside diameter of oil cup at top..-do__._ 2% (54.0 mm.). +0.005 (0.1 mm.). 
Weight of oil cup___.____-_---- grams_. 68. +1. 
Diameter of bead on top of cover_inchcs._ 3%; (4.0 mm.). +, (0.4 mm.). 


The plane of underside of cover to be between the top and bottom of the burner tip when the latter is 
fully depressed. 


(c) The thermometer shall conform to the following specifications 4 


Type: Etched stem, glass. 

Total length: 275 mm. 

; Stem: Plain front, enamel back, suitable thermometer tubing; diameter, 6 to 

mm. 

Bulb: Corning normal, Jena 16 III, or equally suitable thermometric glass; 
diameter, less than stem; length, 9 to 13 mm. 

Actiating liquid: Mercury. 

Range: 20° F. to 230° F. 

Immersion: 24 inches (57 mm.) from end of bulb; words 2} in. Immersion’’ 
etched on the stem, also a line around the stem to indicate depth of immersion. 

Distance to 20° line from bottom of bulb: 75 to 90 mm. 

Distance to 230° line from top of stem: 25 to 40 mm. 

Expansion chamber: Required. 

Graduation: All lines, figures, and letters clear cut and distinct; scale gradu- 
ated in 1° divisions; scale numbered every 10°, the first and each succeeding 5° 
line to be longer ‘than the others. 

Special marking: ‘“‘A. 8. T. M., P. M., and Tag,” serial number, manufac- 
turer’s name or trade-mark etched on the stem. 

Accuracy: Error at any point in scale shall not exceed 1° F. 

Points to be tested: 32°, 100°, 150°, 212° F. 


PROCEDURE. 


2. (a) If gas is available, connect a one-eighth-inch rubber tube to 
the corrugated gas connection on the oil-cup cover. If no gas is avail- 
able, unscrew the test-flame burner tip from the oil chamber on the 
cover and insert a wick of cotton cord in the burner tip and replace 
it. Put a small quantity of cotton waste in the oil chamber, insert 
a small quantity of signal, sperm, or lard oil in the chamber, light 
the wick, and adjust the flame so that it is exactly the size of the 
small white bead mounted on the top of the tester. 


4 This thermometer is identical with the low-range instrument specified for use with the A. 8. T. M. 
Pensky-Martens closed tester. 
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(b) The test shall be 
performed in a dim light 
‘so as to see the flash 


plainly. 
(c) Surround the tester 
on three sides with an 
inclosure to keep away 
drafts. *® 

(d) See that the tester 
sets firm and level. 

(e) For accuracy, the 
flash-point thermometers 
which are especially de- 
signed for the instrument 
should be used, as the 
position of the bulb of 
the thermometer in the 
oil cup is essential. 

3. Put the water-bath 
thermometer in place 
and put arece e un- 
der the overflow spout 
to catch the overflow. 
Fill the water bath with 
water at such a temper- 
ature that, when testing 
is started, the tempera- 
ture of the water bath 
will be at least 20° F. 
(11° C.) below the prob- 
able flash point of the 
oil to be tested. 

4. Put the oil cup in 

lace in the water bath. 

easure 50 c. c. of the 
oil to be tested in a pi- 
pette or a graduate and 
placeintheoileup. The 
temperature of the oil 
shall be at least 20° F. 
(11° C.) below its prob- 
able flash point when 
testing is started. De- 
stroy any bubbles on the 
surface of the oil. Put 
on the cover, with flash- F > 
= opengl in AT, | 

as tube at- | 

: : Light the pilot N os i 
ight on the cover and Hl iliis: BN \ 
.djust the flame to the 


size of the small white Ficvre 10.—Tag closed tester (A. 8. T. Mf.) arranged for uso 
of gas. 


bead on the cover. 


® A shield about 18 inches square and 2 feet high, open in front, is satisfact! but any safe precauti: 
ogainst ll pele foo drafts s wrceptabie, ests made in laboratory hood or near ven tors will 
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5. Light and place the heating lamp, filled with alcohol, in the base 
of the tester and see that it is centrally located. Adjust the flame of the 
alcohol lamp so that the temperature of the oil in the cup rises at the 
rate of about 1.8° F. (1° C.) per minute, not faster than 2° F. (1.1° C.) 
nor slower than 1.6° F. (0.9° C.) per minute. 

6. (a) Record the barometric pressure, which, in the absence of a 
laboratory instrument, may be obtained from the nearest Weather 
Bureau station. 

(b) Record the temperature of the oil sample at start. 

(c) When the temperature of the oil raeabies 9° F. (5° C.) below 
the probable flash point of the oil, turn the knob on the cover so as 
to introduce the test flame into the cup and turn it promptly back 
again. Do not let it snap back. The time consumed in turning the 
knob down and back should be about one full second, or the time required 
to pronounce distinctly the words ‘“ one-thousand-and-one.”’ 

F fH) Record the time of making the first introduction of the test 
ame. 

(e) Record the temperature of the oil sample at the time of first 

test. 

(f) Repeat the application of the test flame at every 1° F. (0.5° C.) 
rise in temperature of the oil until there is a flash of the oil within the 


cup. ° 

Fa) Record the time at which the flash point is reached. 

(hk) Record the flash point. 

(i) If the rise in temperature of the oil from the “time of making 
the first introduction of the test flame” to the “time at which the 
flash point is reached” was faster than 2° F. (1.1° C.) or slower than 
1.6° F. (0.9° C.) per minute, the test should be questioned and the 
alcohol heating lamp adjusted to correct the rate of heating. It 
will be found that the SS of this lamp can be so accurately adjusted 
as to give a uniform rate of rise in temperature within the above 
limits and remain so. 

7. (a) It is not necessary to turn off the test flame with the small 
regulating valve on the cover; leave it adjusted to give the proper 
size of flame. 

(b) Having completed the preliminary test, remove the heating 
lamp, lift up the oil-cup cover, and wipe off the thermometer bulb. 
Lift out the oil cup and empty and carefully wipe it. Throw away 
all oil samples after they have been once used in making a test. 

(c) Pour cold water into the water bath, allowing it to overflow 
into a receptacle, until the temperature of the water in the bath is 
lowered to 15° F. (8° C.) below the flash point of the oil, as shown 
by the previous test. 7 

(d) Place the oil cup back in the bath and measure into it a 50-c. c. 
charge of fresh oil. Destroy any bubbles on the surface of the oil, 
put on the cover with its thermometer, put in the heating lamp, 
record the temperature of the oil, and proceed to repeat the test as 
described above in sections 4 to 6, inclusive. Introduce the test 


6 Do not be misled by an enlargement of the test flame or a halo around it when it entered the cup, or 
by slight flickering of tho flame; the true flash consumes the gas in the top of the cup and causes a very 


slight explosion. . 
With cold water of nearly constant temperature, it will be found that a uniform amount will be required 


to reduce the temperature of the water bath to the required point. 
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flame for first time at a temperature of 10° F. (5.5° C.) below the 
flash point obtained on the previous test. 

8. If two or more determinations agree within 1° F. (0.5° C.), 
the average of these results, corrected for barometric pressure, shall 
be considered the flash point. If two determinations do not check 
within 1° F. (0.5° C.), a third determination shall be made, and 
if the maximum variation of the three tests is not greater than 2° F. 
(1° C.), their average, after correcting for barometric pressure, shall 
be considered the flash point. 

9. Correction for barometric pressure shall only be made in cases of 
dispute or when the barometer reading varies more than one-half inch 
(13 mm.) from the standard pressure of 29.92 inches (760 mm.). 
When the barometer reading is below this standard pressure, add to 
the thermometer reading 1.6° F. (0.9° C.) for each inch (25 mm.) of 
barometer difference to obtain the true flash point. When the barom- 
eter reading is above the standard pressure, deduct 1.6° F. (0.9° C.) 
for each inch (25 mm.) of barometer difference to obtain the true 
flash point. 


METHOD 110.21.—_FLASH POINT BY MEANS OF THE PENSEY- 
MARTENS CLOSED TESTER. 


[A. S. T, M. Method D93-22.) 


1. The A. S. T. M. standard Pensky-Martens closed tester shall be 
used for determining the flash point of fuel oil unless the use of the 
Tag closed tester is specified. 


APPARATUS. 


2. The Pensky-Martens tester, a diagram of which appears in 
Figure 11, shall include the following major parts: : 

a) Cup.—tThe cup of the A. S. T. M. Pens ie Mariel flash tester 
shall be made of brass and shall satisfy the following dimensional 
specifications: 


Specification for cup of A. S. T. M. Pensky-Martens flash tester. 


Mini- | Nor- | Maxi- | Mini- | Nor- | Maxi- 
Dimensions. mum. | mal. | mum. | mum,| mal. | mum. 


Inches. | Inches. | Inches.| Cm, Cm. Cm, 
95 2. 2.050 5 ’ 


Inside diameter below filling mark.................... 1.950 000 4.953 | 5.080 5. 207 
Difference, inside and outside diameters below filling 

Wark. 5 scs0s0csSeerieeuvawasseeea 120 .125 1 5 318 
Inside height...............-. - 200 


Distance from rim to filling mark.. 
Distance lower surface flange to bott 


The inside of the cup may be turned to a slightly larger diameter 
above the filling mark and the outside may be tapered above the 
flange, but the wall thickness at the upper edge shall’ be not less than 
0.04 inch (0.102 cm.). The flange should be approximately 0.5 inch 
(1.27 cm.) wide and approximately 0.125 inch (0.318 em.) thick. It 
shall be equipped with devices for locating the position of the lid on 
the cup and the cup in the stove. A handle, attached permanently 
to the flange of the cup, is a desirable accessory. 
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FIGURE 11,—Pensky-Martens closed tester (A. 8, T, M.), 
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(6) Ind.—1. Stirring device—The lid shall be equipped with a 
stirring device consisting of a vertical steel shaft, not less than 0.1 
inch (0.254 cm.) nor more than 0.125 inch (0.318 cm.) in diameter, 
mounted in the center of the cup, and carrying two 2-bladed brass 
propellers. The blades of both Ete ellers shall be approximately 
0.313 inch (0.795 cm.) wide and s all’ be set at an angle of approxi- 
mately 45°. The smaller (upper) propeller shall have an over-all 
diameter of approximately 0.75 inch (1.905 cm.). The larger (lower) 
propeller shall have an over-all diameter between 1.25 and 1.75 
inches (3.175 and 4.445 cm.)._ The thickness of the propeller blades 
shall be not less than 0.057 inch (0.145 cm.) nor more than 0.081 
inch (0.206 cm.), which limits correspond, respectively, to No. 15 
and No. 12 B. and S. gage sheet brass. The collars on which the 
propeller blades are mounted shall have horizontal and vertical 
dimensions not greater than 0.4 inch (1.016 cm.). 

The plane of the center of the upper propeller shall be 0.4 inch 
(1.016 cm.) below the level of the rim of the cup. The plane of the 
center of the lower propeller shall be 2 inches F508 em.) below the 
level of the rim of the cup. The level of the rim of the cup is in 
effect the level of the plane part of the portion of the lower surface 
of the lid inside the rim. 

2. Cover proper.—The cover proper shall be of brass and shall have 
a rim projecting downward almost to the flange of the cup and fittin 
the outside of the cup closely. The thickness of the cover, measure 
just inside the rim, shall not be less than 0.031 inch (0.079 cm.) nor 
more than 0.078 inch (0.198 cm.). There shall be a proper locating 
Govice engaging with a corresponding locating device on the flange 
of the cup. 

There shall be four openings in the cover, as indicated in Figure 12. 

Opening A is an area defined by arcs of two concentric circles and 
the intersected lengths of two radii. The radius of the outer circle 
shall be not less than 0.938 inch (2.383 cm.) nor more than 0.969 inch 
(2.461 cm.). The chord of the arc of the outer circle shall be not 
less than 0.500 inch (1.270 cm.) nor more than 0.540 inch (1.372 em.). 

Openings B and C are equal areas, each of the same general form 
as opening A but of approximately half of the (angular) width. 
The radii of the defining inner and outer circles shall be within the 
limits specifted for the radii of the two circles, arcs of which partly 
define opening A. The chord of the outer arc for opening B or open- 
ing C shall be not less than 0.187 inch (0.475 em.) nor more than 
0.219 inch (0.556 cm.). The sum of the areas of openings B and C 
shall be not less than 75 per cent nor more than 100 per cent of the 
area of opening A. Openings B and C shall be equally distant from 
opening A and radii drawn through each of their centers shall be 
at an angle of not less than 135° nor more than 140°. 

Openings A, B, and C need not conform exactly to the shape of 
geometrical figures bounded by arcs of two concentric circles and 
intersected lengths of radii. Their boundaries must, however, fall 
on or between the lines indicated by the limiting values of the 
dimensional specification of the preceding text and of Figure 12. __ 

Opening D is for a thermometer collar. Its center is approxi- 
mately 0.75 inch (1.905 cm.) from the center of the lid and on a 
radius at an angle of not less than 50° nor more than 60° from a 
radius passing ceecngt the center of opening C. The thermometer 
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collar shall have an inside diameter of approxnnelery 0.5 inch (1.27 
em.). It shall be set at an angle of not less than 10° nor more than 
15° from the perpendicular. 

3. Shutter.—The lid shall be equines with a brass shutter, approxi- 
mately 0.094 inch (0.239 cm.) thick operating on the plane of the 


Fieure 12.—Cover for Pensky-Martens tester (A. 8. T. M.). 


repre surface of the lid. The shutter shall be so shaped and mounted 
that it rotates on the axis of the horizontal center of the lid between 
two stops so placed that when in one extreme position the openings 
A, B, and C of the lid are completely closed and when in the other 
extreme position these orifices are completely opened. 
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4. Flame-exposure device.—The flame-exposure device shall have 
a tip with an opening 0.027 inch (0.069 cm.) to 0.031 inch (0.079 cm.) 
in diameter. The dtharicte osure device shall be equipped with an 
operating mechanism which, when the shutter is in the “open” 
position, depresses the tip so that the center of the orifice is between 
the planes of the under and upper surfaces of the lid proper at a 
point on a radius passing through the center of the larger opening A 
and approximately 0.1 inch (0.254 cm.) from the outer edge of the 
opening. 

Note.—A pilot flame for automatic relighting of the exposure flame should be 
provided. A bead ,', inch in diameter, of some suitable material, may be mounted 
on the lid so that the size of the test flame can be regulated by comparison. 

The mechanism operating the shutter should be of the spring type and so 
constructed that when at rest the shutter shall exactly close the three openings. 
When operated to the other extreme the three openings in the lid shall be exactly 
open and the tip of the exposure tube shall be fully depressed. 

(c) Stove-—Heat shall be supplied to the cup by means of a 
propery designed stove which is equivalent to an air bath. This 
stove shall consist of (1) an air bath, and (2) a top plate on which 
the flange of the cup rests. 

1. Air bath.—The air bath shall have a cylindrical interior 1.625 
inches (4.128 cm.) to 1.656 inches (4.206 cm.) deep and a diameter 
not less than 0.125 inch (0.317 cm.) nor more than 0.156 inch 
(0.396 cm.) greater than the outside diameter of the cup. The air 
bath may be either a flame-heated metal casting or an electric 
resistance element. 

Nore.—If the heating element is a flame-heated metal casting it shall be so 
designed and used that the temperature of bottom and walls is approximately 
thesame. On this account it should be not less than 0.25 inch (0.635 em.) thick. 
The casting shall be so designed that products of combustion of the flame can 
not pass up and in contact with the cup. 

If the air bath is of the electric-resistance type it shall be so constructed that 
all parts of the interior surface are heated equally. This necessitates an even 
distribution of resistance wire over bottom and walls and a method of construc- 
tion such that heat is given out from the whole core of the resistance element 
rather than directly from the wire. 

2. Top plate.—The top plate shall be of metal. The total distance 
from the upper surface of the plate to the bottom of the air bath 
shall minced the distance from the under surface of the flange to the 
bottom of the cup by not less than 0.063 inch (0.160 cm.) nor more 
than 0.125 inch (0.317 cm.). 

The top plate shall be mounted with an air gap between it and 
the air beth. The top plate may be attached to the air bath by 
means of three screws and spacing bushings. The spacing bushings 
should be of proper thickness to define the air gap, which shall be 
not less than 0.125 inch (0.317 cm.) nor more than 0.187 inch (0.475 
em.). The spacing bushings shall be not more than 0.375 inch 
(0.952 cm.) in diameter. 

( meters.—Iwo standard thermometers shall be used 
with the A. S. T. M. Pensky-Martens tester. The low-range ‘P.M. 
and Tag” thermometers shall be used for tests when the indicated 
reading falls within the limits 20° to 200° F. The “P.M. high” 
thermometer shall be used for tests when the indicated reading falls 
within the limits 230° to 700° F. For the range 200° to 230° F. 
either thermometer may be employed, depending on the convenience 
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of the operator. The thermometers shall comply with the specifica- 
tions given in Table 3. 

Thermometers shall be so mounted that the bottom of the bulb 
is 1.75 inches (4.445 cm.) below the level of the rim of the cup 
(which corresponds to the level of the lower surface of the portion 
of the lid inside the rim). 


TABLE 3.—Specifications for thermometers for Pensky-Martens tester. 


Low range “P. M. and Tag.””! High range ““P. M. High.” 
Wypevns. ic 2225 tS Etched stem, glass __-_-_-__- Etched stem, glass. 
Total length______-_-- 200 IMM. 235 acs wee 275 mm. 
Stem ovo. seceousse Plain front, enamel back, Plain front, enamel back, suit- 


suitable thermometer able thermometer tubing; 
tubing; diameter, 6 to7 diameter, 6 to 7 mm. 
mm. 

Bulbz.<2-s<s-sa-2e0 Corning normal, Jena 16 Corning normal, Jena 16 III, 
III, or equally suitable or equally suitable thermo- 
thermometric glass; di- metric glass; diameter, less 
ameter, less than stem; than stem; length; maxi- 


length, 9 to 13 mm. mum, 10 mm. 
Actuating liquid ~~ ~_- Mercury. 34 2c2 24.5808. Mercury. 
Ranges te. caer 20° F. to 230° F_____---- 200° F. to 700° F. 
Immersion_-___-_---- 24 inches (57 mm.) from 2} inches (57 mm.) from end 


end of bulb. Words’ of bulb. Words ‘2} in. 
“24 in. Immersion’’ Immersion” etched on the 
etched on the stem, also stem, also a line around the 
a line around the stem stem to indicate depth of 
to indicate depth of im- immersion. 
D * mersion. 
istance to 20° line 
5 from bottom of bul }75 to 90 mm 
istance to 200° line 
Pa bottom of bat PF Re RE See STE RSET 75 to 90 mm. 
istance to 230° line 
from top to stem. \25 to 40 mm 


Distance to 700° line 
from top of stem. } Ped Age ae ree ee 25 to 40 mm. 
Expansion chamber_-_ Required____.-_--------- None. 
Filled. Sus ssSot cee Nitrogen gas..........-..-- Nitrogen gas. 
Top finish. :-.:-..-.-- Glass Ting 0-5 -S.5.te20- Glass ring. 
Graduating.-..-....-- All lines, figures, and let- All lines, figures, and letters 


ters clear cut and dis- clear cut and distinct; scale 
tinct; scale graduated graduated in 5° divisions; 
in 1° divisions; scale scale numbered every 50°, 
numbered every 10°, the the first and each succeed- 
first and each succeed- ing 25° line to be longer 
ing 5° line to be longer than the others. 

2 than the others. 

Special marking-_---_--- “AS. T. M., P. M., and “A. 8S. T. M., P. M., High,” 
Tag,” serial number,’ serial number, manufac- 
manufacturer’s name or turer’s name or trade-mark 
trade-mark etched on _ etched on the stem. 


the stem. 
Accuracy._----------- Error at any point in scale Error at any point in scale 
shall not exceed 1°. shall not exceed one-half 
smallest scale division. 
Test for permanency _------.------------------ After being subjected to a 


temperature of 680° F. for 

24 hours the accuracy shall 

; be within the limit specified. 
Points to be tested_--_32°, 100°, 150°, 212° F_-_.212°, 450°, 700° F. 


1 The low-range “‘P, M, and Tag’”’ thermometer is the instrument specified for use with the Tag closed 
tester. 
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3. (a) All parts of the cup and its accessories shall be thoroughly 
clean and dry before the test is started. Particular care ball be 
taken to avoid the presence of gasoline or naphtha used to clean the 
apparatus after a previous test. 

b) The cup shall be filled with the oil to be tested up to the level 
indicated by the filling mark. 

(c) The lid shall be placed on the cup and the latter set in the 
stove. Care shall be taken to have the locating devices properly 
engaged. The thermometer shall be inserted. it is known that 
the oil will flash above 220° F. the “P. M. High” thermometer may 
be selected; otherwise, it is preferable to start with the “P.M. and 
Tag’ thermometer and change in case a temperature of 220° to 230° F. 
is reached. 

(d) The test flame shall be lighted and so adjusted that it is of the 
size of a bead a inch in diameter. 

(e) Heat shall be supplied at such a rate that the temperature 
read on the thermometer increases not less than 9° nor more than 
11° F. per minute. The stirrer shall be turned at a rate of from one 
to two revolutions per second. 

(f) Application of the test flame shall be made at each temperature 
reading which is a multiple of 2° F. up to 220° F. For the tempera- 
ture range above 220° F., application shall be made at each tempera- 
ture reading which is a multiple of 5° F. The first application of the 
test flame shall be made at a temperature at least 30° F. below the 
actual flash point. Application of the test flame shall be made by 
operating the device controlling the shutter and test flame burner 
so that the flame is lowered in one-half second, left in its lowered 
osition for 1 second, and quickly raised to its high position. 
ae shall be discontinued during the application of the test 

ame. 

4. The flash point is taken as the temperature read on the ther- 
mometer at the time of the flame application that causes a distinct 
flash in the interior of the cup. The true flash must not be confused 
with the bluish halo that sometimes surrounds the test flame for the 
applications preceding the one that causes the actual flash. 

5. The barometric pressure shall be observed and recorded. No 
corrections shall be made except in case of dispute, when the flash- 
point figure shall be corrected according to the following rule: 

For each inch (25 mm.) below 29.92 inches (760 mm.) barometric 
reading add 1.6° F. to the flash point. 

For each inch (25 mm.) above 29.92 inches (760 mm.) barometric 
reading subtract 1.6° F. from the flash point. 


METHOD 110.31.—OPEN-CUP FLASH AND FIRE TEST. 
[A. 8. 'T. M. Method D92-237.) 


1. The open cup flash and fire test on all percolnin products 
are fuel oils and those having an open cup flash below 175° F. 
shall be determined in the Cleveland open cup. 


Google 


62 LUBRICANTS AND LIQUID FUELS, AND METHODS OF TESTING. 
APPARATUS. 


2. The cup shall be heated by contact with a motal plate (Fig. 14) 
3 inch (0.635 cm.) in thickness and 6 inches (15.24 cm.) in width. 
The plate shall be of brass, cast iron, wroughtiron, or steel. In the 
center of the plate there shall be a plane depression 3g inch (0.079 em.) 
in depth arid of just sufficient diameter to fit the cup. There shall be 
a circular opening 2,’, inches (5.50 cm.) in diameter, cut through the 

late, centering with the center of the above-mentioned depression. 

he plate shall be covered with a sheet of hard asbestos board } inch 
in thickness, and of the same 
shape as the metal plate. There 
shall be cut in the center of the 
asbestos board a circular hole 
just fitting the cup. Heat may 

e supplied from any convenient 
source. Theuse of a gas burner, 
electric heater, or alcohol lamp is 
permitted, but under no circum- 
stances are products of combus- 
tion or free flame allowed to come 
up around the cup. The source 
of heat shall be centered under 
the opening in the plate and 
shall be of a type that will not 
produce local superheating. If 
a flame heater is used, it may be 
protected from drafts or exces- 
sive radiation by any suitable 
type of shield, that does not pro- 
ject above the level of the upper 
surface of the asbestos board. 

3. The thermometer shall con- 
form to the following specifica- 
tions: 

Type: Etched stem, glass. 

Total length: 305 mm. 


: ' Wie ; Stem: Plain front, enamel back, suit- 
W------- -2 4 (? 30) --> able thermometer tubing; diameter, 

; 6 to 7 mm. 
FicurE 13.—Cleveland open cup (A. S. T. M.): a, Bulb: Corning normal, Jena 16 III, 
Filling mark. or equally suitable thermometric 


glass; length, 13 mm., maximum; diameter, not greater than stem. 

Actuating liquid: Mercury. 

Range: +20° to +760° F. : 

Immersion: 1 inch. The words “1 in. Immersion” shall be etched on the 
stem and also a line around the stem to indicate the depth of immersion. 

Distance to 20° line from bottom of bulb: 40 to 50 mm. 

Distance to 760° line from top of stem: 30 to 45 mm. 

Filled: Nitrogen gas. 

Top finish: Red glass ring. me 

Graduation: All lines, figures, and letters clear cut and distinct; scale graduated 
in 5° divisions; scale numbered every 20°, the first and each succeeding 10° F. 
line to be longer than the others. ; 

Special marking: ‘A. 8. T. M. Open Flash,” serial number, and manufacturer’s 
name or trade-mark etched on stem. 

Accuracy: Error at any point on scale shall not exceed one-half smallest scale 
division up to 700° F. 
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OPEN-CUP FLASH AND FIRE TEST. * 63 


Test for permanency of range: After being subjected to a temperature of 700° F. 
for 24 hours, the accuracy shall be within the limit specified. 
Points to be tested for certification: 32°, 212°, 400°, 700° F. 


PROCEDURE. 


4. (a) The thermometer shall be suspended or held in a vertical 
position by any suitable device. The bottom of the bulb shall be 
one-fourth inch (0.635 cm.) * from the bottom of the cup and above a 
point halfway between the center and back of the cup. 

(6) The cup shall be filled with the oil to be tested in such a man- 
ner that the wap ct the meniscus is exactly at the BNOg line at room 
temperature. e surface of the oil shall be free from bubbles. 
There shall be no oil above ; 
the filling line or on the out- 
side of the apparatus. 

(c) The test flame shall be 
approximately .{,; inch (0.397 
cm.) in diameter. 

Note.—For purposes of com- 
parison it is recommended that a 
bead of suitable light-colored ma- 
terial be mounted in a convenient 
position so that the size of the 
test flame can be determined. 
The device for applying the flame 
may be of any suitable type, but 
it is suggested that the tip be ap- 
proximately one-sixteenth inch 
(0.159 cm.) in diameter at the end 
and that the orifice be one thirty- 
second inch (0.079 cm.) in diame- 
ter. Ifthe device for operating 
the test flame be mounted in such 
a manner as to permit automatic 
duplication of the sweep of the 
test flame the radius of swing 
shall be not less than 6 inches. 

(d) The test flame shall be Ficvne 14—Heating plate for use with Cloveland open 
applied as the temperature cup (A. S. T. M,): “ Asbestos disc; b, plate. 
read on the thermometer reaches each successive 5° F. mark. The 
flame shall pass in a straight line (or on the circumference of a circle 
ha a radius of at least 6 inches) across the center of the cup and 

t right angles to the diameter passing through the thermometer. 
The test flame shall, while passing across the surface of the oil, be in 
the plane of the upper edge of the cup. The time for the passage of 
the test flame across the cup shall be approximately 1 second. 

(e) The oil shall be heated at a rate not exceeding 30° F. per 
minute temperature rise, till a point is reached Re Deca eusions 100° 
F. below the pes flash point of the oil. Thereafter the rate 
of heating shall be decreased, and for at least the last 50° F. before 
the flash point is reached, the rate shall be not less than 9 nor more 
than 11° F. per minute. 


8 The immersion line engraved on the thermometer stem will be 7s inch (0.159 cm.) below the level of 
the rim of the cup 
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5. The flash point shall be taken as the temperature read on the 
thermometer when a flash appears at any point on the surface of the 
oil. The true flash must not be confused with a bluish halo that 
sometimes surrounds the test flame. + 

6. After the flash point is determined the heating shall be continued 
at the specified rate of 9 to 11° F. per minute, and application of 
the test flame shall be made at the specified intervals until the oil 
ignites and continues to burn for a period of at least 5 seconds. The 
method of application of the flame shall be the same as for flash 
point. The temperature read at the time of the flame application 
which causes burning for a period of 5 seconds or more shall be 
recorded as the fire point. 

7. The flash-point and fire-point tests shall be made in a room or 
compartment free from air drafts. The operator shall avoid breath- 
ing over the surface of the oil. It is desirable that the room or com- 
pastor be darkened sufficiently to make the flash readily dis- 
cernible. 


METHOD 120.11.—SPOT TEST. 


Place 5 drops of the oil in the center of a 9-cm. clean white filter 
paper supported on a 7-cm. crystallizing dish and allow the liquid to 
evaporate at room temperature, away from direct sunlight. There 
should be no oily spot left after 30 minutes. 


METHOD 130.1.—FLOCK TEST FOR KEROSENE. 


APPARATUS AND PROCEDURE. 


Place 300 c. c. of the sample in'a 500-c. c. Florence or Erlenmeyer 
flask (after filtering if it contains suspended matter). Suspend a 
thermometer in the oil by means of a cork slotted on the side, and 

lace the flask containing the oil in a sand bath, or on an electric 
ot plate. Heat at such a rate that the oil will reach a temperature 
of 240° F. at the end of 1 hour. Hold oil at a temperature of 
not less than 240° F. nor more than 250° F. for 6 hours. Give the 
flask a slight rotary motion, and if any flock is seen rising from the 
bottom the test shall be reported as positive. Discoloration of the 
oil shall be disregarded. 


METHOD 130.2.—FLOCK TEST FOR MINERAL SEAL OIL. 


APPARATUS AND PROCEDURE. 


Place 300 c. c. of the sample in a 500-c. c. Florence or Erlenmeyer 
flask (after filtering if it contains suspended matter). Suspend a 
thermometer in the oil by means of a cork slotted on the side, and 

lace the flask containing the oil in a sand bath, or on an electric 
hot plate. Heat the oil at the rate of 10° F. per minute to a tem- 

erature of 450° F. and hold at that temperature for 15 minutes. 
Give the flask a slight rotary motion, and if any flock is seen rising 
from the bottom the test shall be reported as positive. Allow the 
flask to cool for 1 hour and again examine for flock. Discolora- 
tion of the oil shall be disregarded. 
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WICK-FEED TEST. 


METHOD 200.1.—WICK-FEED TEST. 


APPARATUS. 


, fitted in 
(See 


, capacity about 1 quart 
4 inch internal diameter, which serves 


made of brass 
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and which feeds into a graduated glass cylinder. 
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1. An oil container 
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2. A wick composed of eight strands of worsted zephyr of the best 
quality, pure, long fiber, cream white fine wool, thoroughly washed, 
scoured, and carded; not dyed nor subjected to any chemical process. 
Strands shall be four-ply soft-spun and twisted. The separate 
plies shall be of uniform thickness throughout their entire length. 

3. A wick support in the form of a hook of copper wire which 
grips the outlet end of the wick below the level of the oil as is the 
usual manner in a wick feed. 


PROCEDURE. 


4. Dip the wick in the oil and place it in position and fill the oil 
container so that the lift of the wick is } inch. Maintain the lift at 
from 4 to } inch during the test. Measure the flow of oil at the end 
of 24 hours and again at the end of 14 days. 


METHOD 210.31.—BURNING TEST FOR LONG-TIME BURNING OIL. 
APPARATUS. 


A standard American Railway Association signal section sema- 
phore lamp, eguipped with a standard burner, chimney, wick, and 
31 fluid ounce font. 


PROCEDURE. 


Place a new wick, which has been washed with redistilled ether and 
dried at room temperature, in the burner. Place the lamp in a posi- 
tion protected from the direct rays of the sun, either out of doors or 
in a well-ventilated room, fill it with the oil to be tested, light it, and 
adjust the wick so as to produce a flame } inch high, measured from 
the top of the wick; readjust if necessary during the first 4 hours. 
Allow the lamp to burn without readjusting the wick for 168 hours. 
The flame shall remain symmetrical and free from smoke throughout 
the test period, the height of flame at no time during the test shall be 
less than § inch, and no appreciable hard incrustation shall be formed 
on the wick. 


METHOD 210.41.—_BURNING TEST FOR MINERAL SEAL OIL. 
APPARATUS. 


A lamp fitted with a dual burner No. 3, dual chimney, and duplex 
wicks. The distance from the top of the wicks to the bottom of the 
inside of the font shall be not less than 64 inches nor more than 7 
inches, 

PROCEDURE. 


Place 20 ounces of the oil to be tested in the lamp, light it, and 
adjust the wicks so as to produce a symmetrical flame approximately 
1 inch high, measured from the top of the wicks; readjust if necessary 
during the first hour. The lamp shall then be burned continuously 
without readjusting the wicks until 19 ounces of oilis consumed. The 
flame shall remain symmetrical and free from smoke throughout the 
es Reno No appreciable hard incrustation shall be formed on 
the wick. 
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METHOD 210.6.—BURNING TEST FOR KEROSENE (16 HOURS). 


APPARATUS. 
A lamp fitted with a No. 2 sun hinge burner. 
PROCEDURE. 


Place a clean, dry No. 2 wick in the burner and fill the lamp with 
oil to be tested, adjust the chimney, light the lamp, and adjust the 
wick so that the lamp burns with a flame not over 1 inch high. At 
the end of one-half hour again adjust the wick so that the largest 
possible flame is obtained without smoking. 

Allow the lamp to burn continuously for 16 hours. 

At the end of this time the flame must. be clear and practically as 
large as when the final adjustment of the wick was made. No 
accumulations of soot or other material shall be formed on the wick 
during the test and the chimney must be clear or only slightly clouded. 


METHOD 300.11.—WATER. 
[A. 8. T. M. Method D95-23T.]} 


1. This method of test determines the water in a sample of bitu- 
minous material by distilling the sample with a volatile solvent. This 
method is suitable for a variety of materials but is especially appli- 
cable to petroleum, fuel oil, road oil, coal tar, water-gas tar, coke-oven 
tar, and other petroleum products or bituminous materials. 


APPARATUS. 


2. The apparatus shall consist of a metal still or glass flask, heated 
by suitable means and provided with a reflux condenser discharging 
into a trap connected to the still or flask. The trap serves to collect 
at measure the condensed water and to return the solvent to the 
still. 

The type of distilling apparatus used is not an essential feature 
of this method, but glass has been generally used for petroleum 
products and the metal still for road materials and tars. 

3. (a) The metal still (Fig. 16, a) shall be a vertical cylindrical 
vessel, preferably of copper, having a faced flange at the top to which 
the head is tightly attached by means of a clamp. The head shall 
be of metal, preferably of brass or copper, and be provided with a 
tubulation 1 inch in inside diameter. 

(b) The glass flask (Fig. 16, b) shall be of the short-neck, round- 
bottom type, made of well-annealed glass, having an approximate 
capacity of 500 c. c. 

4. The burner used with the metal still shall be a ring gas burner 
4 inches (100 mm.) in inside diameter. With the glass flask an ordi- 
nary pas burner or electric heater may be used as the source of heat. 

5. The condenser shall be of the water-cooled, reflux, glass tube 
type, having a condenser jacket not less than 400 mm. (153 inches) in 
Sh Gat with an inner tube 12 to 16 mm. (4 to $inch) indiameter. The 
end of the condenser to be inserted in the trap shall be ground off at 
an angle of 60°. 
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6. The trap shall be made of well-annealed glass constructed in 
accordance with Figure 16, c, and shall be graduated as shown from 
0 to 10 ¢.c. in 0.1¢. c. divisions. The error of any indicated capacity 
shall not be greater than 0.05 ¢. c. 

The outside diameters should preferably be 2.5 to 3.5 mm. (, 
to 4 inch) greater than the inside diameters specified. 

7. (a) the solvent used when testing petroleum products or 
bituminous materials derived from petroleum shall be gasoline free 
from water and shall conform to the following distillation require- 
ments, determined in accordance with the ‘‘Tentative method of 
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FIGURE 16.—Apparatus for determination of water. 


test for distillation of gasoline, naphtha, kerosene, and similar petro- 
leum products” (Serial designation: D86-23T) of the American 
Society for Testing Materials (see Method 100.12); 5 per cent shall 
distill at a temperature not below 194° F. (90° C.) nor above 212° F. 
(100° C.); 90 per cent shall distill below 410° F. (210° C.). 

(b) The solvent used when testing bituminous materials derived 
from coal tar, water-gas tar, etc., shall be a coal-tar naphtha or a 
light oil and shall conform to the following distillation requirements, 
determined in accordance with the “Tentative method of test for 
distillation of gasoline, naphtha, kerosene, and similar petroleum 
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roducts” (Serial designation: D86-23T) of the American Society 
or Testing Materials, (see Method 100.12); 98 per cent shali distill 
between 248° F, (120° C.) and 482° F. (250° C.). 


SAMPLE. 


*8. The sample shall be thoroughly representative of the material 
to be tested and the portion of the sample used for the test shall be 
thoroughly repecpenbatize of the sample itself. Deviation from this 
requirement shall not be permitted. 

Nortre.—The difficulties in obtaining proper representative samples for this 


determination are unusually great, so that the importance of sampling can not 
be too strongly emphasized. 


PROCEDURE. 


9. When the sample to be tested contains less than a Pe cent of 
water, exactly 100 c. c. of the material to be tested shall be placed 
into the still or flask and thoroughly mixed with an equal volume of 
solvent by swirling, proper care being taken to avoid any loss of 
material. If the material is measured by volume, an accurate 
100-c. c. graduated cylinder shall be used and the contents trans- 
ferred to the still by rinsing with one 50-c. c. portion of solvent 
followed by two successive 25-c. c. portions of solvent, the cylinder 
being allowed to drain each time. When the sample to be tested 
contains more than 10 per cent of water, the volume of material used 
shall be decreased to that which will yield somewhat less than 10 
c. c. of water. 

Nore.—In special cases where the water content exceeds 10 per cent and it is 
not desirable to reduce the size of the sample to that which will yield somewhat 
less than 10 c. c. of water, a distilling tube receiver graduated from 0 to 25 c. ¢. 
may be used. This tube shall be graduated from 0 to 2 c. c. in 0.1 ¢. ¢., from 
2 to 5c. c. in 0.2 c. c., and from 5 to 25 c. c. in 0.5 ¢. ¢. 

The connections between the still or flask, trap, and condenser shall 
be made by means of tight-fitting corks as shown in Figure 16 (@ and 
b). When the metal still is used, a heavy paper gasket moistened 
with the solvent shall be inserted between the lid and flange before 


stealing he aaa 

Heat shall then be applied and so regulated that the condensed 
distillate falls from the end of the condenser at the rate of from 2 to 
5 drops per second. The ring burner used with the metal still 
should be placed about 3 inches above the bottom of the still at the 
beginning of the distillation and gradually lowered as the distilla- 
tion proceeds. 

The distillation shall be continued at the specified rate until no 
water is visible on any part of the apparatus except at the bottom of 
the trap. This operation usually requires less than an hour. A 
persistent ring of condensed water in the condenser tube shall be 
removed by increasing the rate of distillation for a few minutes. 

10. The volume of condensed water measured in the trap at room 
temperature multiplied by 100 and divided by the volume of the 
sample used shall be the percentage of water and shall be reported 
as ‘‘— per cent water by volume, A. S. 7. M. method.” 
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ACCURACY. 


11. The accuracy to be expected with this method is that dupli- 
cate determinations of water should not differ from each other by 
more than one division on the trap. 


METHOD 300.2.—SEDIMENT. 


APPARATUS. 


Alundum (porous grade) thimbles,°® 1 inch in diameter by 2} inches 
high, weighing not less than 15 nor more than 17 grams. 
ixtraction apparatus (see Fig. 17) of such construction that the 
thimble is completely puroutded by the vapor of the boiling solvent. 
Siphon extractors must not be used. 


PROCEDURE. 


Place approximately 10 grams of the sample in the previously 
extracted and dried, accurately weighed thimble and sich to+0.01 

ram, place in the extraction apparatus, and extract with 90 per cent 
Paagel until the solvent dropping from the thimble is colorless. 
Dry the thimble for 1 hour at 105° C., and weigh to +0.0001 gram. 
Repeat the extraction until the weight of the dried thimble and 
sediment is constant. 


Note.—The rate of extraction shall be such that the mixture of oil and benzol 
in the thimble does not rise to within } inch of the top. 


METHOD 300.3.—WATER AND SEDIMENT BY CENTRIFUGE. 
[A. S. T. M. Method D96-21T.) 


1. This method may be used for crude mineral oils and fuel oils. 
A centrifuge method for ‘‘ Water and sediment” is not entirely satis- 
factory because the amount of water obtained is nearly always lower 
than the actual water content. Nevertheless, on account of the wide 
use of the centrifuge for this purpose, it is desirable that the method 
of making the determination be standardized as far as possible. It 
must be clearly understood that the reading of the centrifuge tube 
includes both the sediment and the precipitated water. Accurate 
determination of water content, if desired, should be made in accord- 
ance with the “Tentative method of test for water in petroleum 
products (D95-23T.)” of the American Society for Testing Materials 
(Method 300.11 above). 

2. The sample shall be thoroughly representative of the material 
in question and the portion used for the test shall be thoroughl 
representative of the sample itself. Deviation from this rule shall 
not be permitted. The difficulties in obtaining representative sam- 
ples for this determination are unusually great; ence the importance 
of sampling can not be too strongly emphasized. 


® Alundum thimbles listed by the Norton Co., Worcester, Mass., as 5163 RA 98, have proved satisfactory. 
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APPARATUS. 


3. The centrifuge shall be capable of whirling at the required speed 
at least two 100-c. c. centrifuge tubes filled with water. It shall be 
of sound design and rugged construction so that it may be operated 
without danger. The tube carriers shall be so designed that the glass 
centrifuge tubes may be cushioned with water, rubber, or other suit- 


Ficure 17.—Extraction apparatus for determination of sediment: a, Extraction flask; b, condenser; ¢, 
extraction thimble; d, solvent; e top of hot plate. 


able material. The tube holders shall be surrounded during the oper- 
ation by a suitable metal shield or case, strong enough to eliminate 
danger if any breakage occurs, 

The preferred form of centrifuge shall have a diameter of swing 
(tip to tip of whirling tubes) of 15 to 17 inches and a speed of at 
least 1,500 r. 2 m. or the equivalent. If the available centrifuge has 
a diameter of swing varying from these limits, it shall be run at the 
proper speed to give the same centrifugal force at the tips of the 
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tubes as that obtained with the preferred form of centrifuge. The 
proper speed shall be calculated from the following formula in which 
d represents diameter of swing (tip to tip of whirling tubes) of the 
centrifuge used: 

r. p. m. = 1500 . 


4. The centrifuge tubes, A. S. T. M. type, shall be made of suitable 
glass and thoroughly annealed. The total capacity shall be about 125. 
c. c. and the mouth shall be suitably constricted for closing with a 
cork. The graduations shall be clear and distinct, reading upward 
from the bottom of the tube as follows: 


Range. Bsohad pred Numbered. 


Cie. C.c. C.e. 
oO 3 0.1 0. 05 
3- 5 5 -2 
5- 10 1.0 5 
10-25 5.0 1.0 
50-100 50.0 1.0 


The shape is optional, provided it does not conflict with the other 
requirements. Satisfactory fares are shown in Figure 18. 

5. The water or oil bath shall be of sufficient depth for immersing 
the centrifuge tubes in a vertical position to the 100-c. c. mark. 
Means shall be provided for heating this bath to 100° F. 


PROCEDURE. 


6. (a) Exactly 50 c. c. of 90 per cent benzol shall be measured 
into each of two centrifuge tubes and exactly 50 c. c. of the oil to be 
tested shall then be added to each. The centrifuge tubes shall be 
tightly stoppered and shall be shaken vigorously until the contents ° 
are thoroug ly mixed. The temperature of the bath shall be main- 
tained at 100° F., and the centrifuge tubes shall be immersed therein 
to the 100-c. c. mark for 10 minutes. 

(6) The two centrifuge tubes shall then be placed in the centrifuge 
on opposite sides and shall be whirled at a rate of 1,400 to 1,500 
r. p. m., or the equivalent, for 10 minutes. The combined volume of 
water and sediment at the bottom of each tube shall be read and 
recorded, estimating to 0.1 c. c. if necessary. The centrifuge tubes 
shall then be replaced in the centrifuge, again whirled for 10 minutes, 
and removed for reading the volume of water and sediment as before. 

This operation shall be repeated until the combined volume of 
water and sediment in each tube remains constant for three consecu- 
tive readings. In general, not more than four whirlings will be re- 

uired. 
: 7. The combined total volume of water and sediment shall be read 
on each tube, estimating to 0.1 c. c. if necessary. The sum of the 
two readings shall be recorded as percentage of water and sediment, 
centrifuge method. 
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ACCURACY. 


8. With care and proper attention to details, duplicate determina- 
tions of water and sediment by this method should not differ by more 
than 0.2 c. c., provided the centrifuge tubes are accurate and readable 
to this degree. 


METHOD 300.41. WATER BY CENTRIFUGE. 
APPARATUS. 


1. The apparatus shall be the same as in method 300.3. 
PROCEDURE. 


2. Exactly 40 c. ec. of 90 per cent benzol shall be measured into 

each of two centrifuge tubes and exactly 20 c. c. of the oil to be tested 
shall then be added to each. 
The centrifuge tubes shall be b-ageg “al 
tightly stoppered and shall be | 
shaken vigorously until the 
contents are thoroughly 
mixed. 
. 3. The twocentrifuge tubes 
shall then be placed in the 
centrifuge on opposite sides 
and shall be wiutled at arate 
of 1,400 to 1,500 r. p.m., or the 
equivalent, for 10 minutes. 
The volume of water at the 
bottom of each tube shall be 
read and recorded, estimating 
to 0.lc.c. if necessary. The 
centrifuge tubes shall then 
be replaced in the centrifuge, 
again whirled for 10 minutes 
as before, and removed for 
reading the volume of water 
as before. This operation 
shall be repeated until the 
volume of water in each tube 
remains constant for three 
consecutive readings. 

4. The volume of water 
shall be read on each tube, 
estimating to 0.1 c. c. if 
necessary, and the average se a 
percentage of water in the 
sample calculated. 


ul | 
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FIGURE 18.—Centrifuge tubes (A. 8. T. M.). 


METHOD 310.1.—PRECIPITATION NUMBER. 
[A. 8. T. M. Method D91-21T.] 


1. This method is commonly used for steam-cylinder stocks and 
black oils, and may be used for other lubricating oils. 


77877°—24—_6 . 
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74 LUBRICANTS AND LIQUID FUELS, AND METHODS OF TESTING. 
DEFINITION. 


2. The A. S. T. M. precipitation number is the number of cubic 
centimeters of precipitate formed when 10 c. c. of lubricating oil are 
mixed with 90 ¢. c. of petroleum naphtha of definite poality and 
centrifuged under definite prescribed conditions. 


APPARATUS. 


3. Centrifuge.—The centrifuge shall be capable of whirling at least 
two 100-c. c. centrifuge tubes filled with water at the required speed. 
It shall be of sound design and rugged construction, so that it may 
be operated without danger. The tube carriers shall be so designed 
that the glass centrifuge tubes may be cushioned with water, rubber, 
or other suitable material. The tube holders shall be surrounded 
during the operation by a suitable metal shield or case strong enough 
to eliminate danger if any breakage occurs. 

Preferred forms of centrifuge shall have a diameter of swing (tip 
to tip of the whirling tubes) of 15 to 17 inches and a speed of at least 
1,500 r. p. m. or equivalent. If the available centrifuge has a diam- 
eter of swing varying from these limits, it shall be run at the proper 
speed to give the same centrifugal force at the tips of the tubes as 
that obtained with the pisferred form of centrifuge. The proper 
speed shall be calculated from the following formula, in which d 
represents the diameter of swing (tip to tip of whirling tubes) of 
the centrifuge used: 

r. p. m. = 1,500 » 


4. Centrifuge tubes, A. S. T. M. type—These tubes shall be made 
of suitable glass and thoroughly annealed. The total capacity shall 
be about 125 c. c., and the mouth shall be suitably constricted for 
closing with a cork. The graduations shall be clear and distinct, 
reading upward from the bettom of tube, as follows: 


Graduations of centrifuge tubes, A. S. T. M. type. 


Seale Limit of 
divisions. | error, _ | Numbered. 


Cie. C.c. C.c. 
0.1 0.05 | 1,2,3. 
5 120) 4&5. 

1.0 15 | 6810. 
5.0 1.0 15, 50,25. 
50.0 1.0 | 50,100. 


The shape is optional, provided it does not conflict with the other 
requirements. 

5. Petroleum naphtha meeting the following requirements shall be 
used for the diluent: 


Specific gravity at 60° F., 0.695—0.705. 


Initial boiling point, A. S. T. M., 113°-131° F. (45°-55° C.). 
End point, A. 8. T. M., not higher than 248° F. (120° C.). 
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PROCEDURE. 


6. Exactly 10.0 c. c. of the oil to be tested shall be measured in each 
of two clean, dry centrifuge tubes at room temperature. Each tube 
shall be filled to the 100-c. c. mark with the prescribed diluent and 
closed tightly with a softened cork (not a rubber stopper). Each 
tube shall then be inverted at least 20 times, allowing the liquid to 
drain thoroughly from the tapered tip of the tube each time. The 
tubes shall then be placed in a water bath at 90° to 95° F. for 5 
minutes. The corks shall be momentarily removed to relieve any 
pressure and each tube shall again be inverted at least 20 times, ex- 
actly as before. The success of this method depends to a large de- 
gree upon having a thoroughly homogeneous mixture which will drain 
quickly and completely from the tapered tip when the tube is inverted. 

7. The two centrifuge tubes shall then be placed in the centrifuge 
on opposite sides and shall be whirled at a rate of 1,400 to 1,500 r. p.m., 
or equivalent, for 10 minutes. The volume of sediment at the bot- 
tom of each tube shall be read and recorded, estimating to 0.05 ¢. c. 
if possible. The tubes shall then be placed in the centrifuge, again 
whirled for 10 minutes as before, and removed for reading the volume 
of the sediment as before. This operation shall be repeated until the 
volume of sediment in each tube remains constant for three consecu- 
tive readings. In general, not more than four whirlings are required. 

8. The volume of the solid sediment at the bottom of each cen- 
trifuge tube shall be read, estimating to 0.1 c. c. or closer, if possible. 
If the two readings differ by not more than 0.1 c. c., the mean of the 
two shall be reported as the ‘‘A. S. T. M. precipitation number.” 
If the two readings differ by more than 0.1 ¢. c., two more determina- 
tions shall be made and the average of the four determinations shall 
be reported. 


ACCURACY. 


9. With care and proper attention to details, duplicate determina- 
tions of precipitation number by this method should not differ by more 
than 0.1, provided the centrifuge tubes are accurate and readable to 
this degree. 


METHOD 3820.11.—EMULSION TEST AT 130° F. 


APPARATUS. 


1. A 100-c. c. graduated cylinder, 14; to 1} inches inside diameter. 

2. An oil or water bath for maintaining the contents of the cylinder 
at the specified temperature. The line of the bath liquid shall not be 
lower than the 85-c. c. mark on the graduated cylinder. 

3. A paddle consisting of a copper plate 4} inches long, between } 
and } inch wide, and 7, inch thick. 

4. Means for revolving this paddle about a vertical axis parallel to 
and midway between its two longer edges and for keeping the speed 
fairly constant at 1,500 r. p. m. 

5. A stop so arranged that when the paddle is lowered into the 
ee the distance from the bottom of the paddle to the bottom of 
the cylinder will be about } inch. 
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PROCEDURE. 


6. Place 40 c. c. of the emulsifying liquid in the 100-c. c. graduated 
cylinder and add 40 c. c. of the oil to be tested. (ie. 19.) 

7. Heat the cylinder by means of the bath to 130° F. 

8. Stir by rotating the paddle for 5 minutes at a speed of 1,500 
r. p. m., stop the paddle, withdraw from the cylinder, and wipe clean, 
returning to the cylinder as much of the emulsion as possible. 


DEMULSIBILITY. 
9. Allow the cylinder to stand at 130° F. for the specified time and 
then inspect. No continuous layer of emulsion shall remain. 


METHOD 3820.21.—_EMULSION TEST AT 180° F. 
APPARATUS AND PROCEDURE. 


The apparatus and procedure are the same as in method 320.11 
except that paregtepis 7 and 9 shall read: 

7. Heat the cylinder by means of the bath to 180° F. 

9. Allow the cylinder to stand at 180° F. for the specified time and 
then inspect. No continuous layer of emulsion shall remain. 


METHOD 320.31.—DEMULSIBILITY AT 130° F. 


APPARATUS. 
Same as in test 320.11. 
PROCEDURE. 


6. Place 27 c. c. of the oil to be tested and 53 c. c. of distilled water 
in the cylinder. 

7. Heat the cylinder by means of the bath to 130° F. 

8. Stir by rotating the paddle for 5 minutes at a speed of 1,500 
r. p. m., stop the paddle, withdraw from the cylinder, and wipe 
clean, returning to the cylinder as much of the emulsion as es es 

9. Keep the temperature of the cylinder constant at 130° -F. 

10. Take readings every minute of the position of the line of demar- 
cation between the topmost layer of oil and the igor emulsion. 
Take the first reading 1 minute after stopping the paddle. With 
oils which act normally the rate of settling out of the oil increases 
up to a maximum aud then decreases and the maximum value in 
cubic centimeters per hour is called the ‘‘demulsibility” and is 
recorded as the numerical result of the test. Each rate of settling is 
the average rate calculated from the time of stopping the paddle to 
the time of reading, as shown in the following condensed table: 


Reading at 
Time since | interface oil Rate of set- 
Time. stopping between settled tling per 
paddle. | oil and out. hour. 
emulsion. 
| . 
Minutes C.¢. Cie 
9. 50 0 80 0 0 
9. 55 5 77 3 36 
10. 02 12 67 13 65 
10. 05 15 63 17 68 
10.10 20 61 19 57 
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The demulsibility in this case would be 68, the highest value in the 
last column. When the maximum rate of settling has not been 
reached at the end of 1 hour, the test is discontinued and the demul- 
ty taken as the number of cubic centimeters that settled out in 
the hour. 


Ficure 19.—Essential features of emulsifier. 


METHOD 320.41.—DEMULSIBILITY AT 180° F. 
APPARATUS AND PROCEDURE. 


The apparatus and procedure are the same as in test 320.31, except 
that peteerphs 7 and 9 shall read: 

7. Heat the cylinder by means of the bath to 180° F. 

9. Keep the temperature of the cylinder constant at 180° F. 


METHOD 400.1.—PROTECTION TEST. 


Coat a clean polished steel plate 2 inches long, 4 inch wide, and 4 
inch thick, by immersing it in the sample to be tested, which has been 
heated to a temperature of 212° F. Remove the plate while it is 
still hot, allow to cool in a vertical position, and suspend vertically 
within a 10 per cent salt solution at room temperature for 30 days. 
At the end of this time rinse with gasoline and examine for corrosion. 
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METHOD 410.11.—BREAKDOWN TEST. 
[A. 8. T. M, Methods D48-17T and D117-21T.’ 
APPARATUS. 


(a) Any well-designed high-tension testing transformer connected 
to an alternating-current supply having as nearly a true sine wave as 
possible may be used. The transformer and the source of supply of 
energy shall not be less than 2 kv. a. The frequency shall not exceed 
100 cycles per second. 

(6) Regulation shall be so controlled that the high-tension testing 
voltage taken from the secondary of the testing transformer can be 
raised gradually from any point. The control may be made by gen- 
erator field regulation, by the potentiometer method, with an induc- 
tion regulator, or with a variable ratio auto transformer. Any 
method of regulating the voltage which does not distort the wave 
more than 10 per cent from a sinusoidal shape is satisfactory. 

(c) The voltage may be measured by any approved method, pref- 
erably by connecting a voltmeter to an auxiliary ratio transformer 
coil, reading square root of mean square volts in the primary of 
the testing transformer. A voltmeter on the low-tension side of the 
transformer is satisfactory if the ratio of transformation does not 
change any test condition. Any electrostatic voltmeter properly 
calibrated in the high-tension circuit is also satisfactory. 

(d) The sample shall be tested between polished brass or copper 
circular disk electrodes 1 inch in diameter with a square edge. The 
electrodes shall be placed with their axes horizontal and coincident, 
and with a gap of 0.1 inch between their adjacent faces. 


PROCEDURE. 


(a) The electrodes and the containing vessel shall be wiped clean 
and thoroughly rinsed with oil-free, dry gasoline until they are en- 
tirely free from fibers. They shall then be rinsed at least once with 
a sample of the oil to be tested. The temperature of the gap and of 
the sample shall be between 20° and 30° C. (68° to 86° F.). e gap 
shall be filled with oil to a height of not less than 20 mm. (0.787 
inch) above the top of the disks. Voltage shall be applied and in- 
creased uniformly at a rate of approximately 3,000 volts (r.m.s.) per 
second until breakdown occurs as indicated by a continuous rp 
charge across the gap. (Occasional momentary discharges which 
do not result in a permanent arc may occur; thiaea should be dis- 
regarded.) 

(b) Provision shall be made for opening the primary circuit as 
promptly as possible after breakdown has occurred in order to pre- 
vent unnecessary carbonization of the oil. After each puncture the 
testing vessel shall be jarred to loosen particles of carbon adhering 
to the electrodes and the oil gently agitated, but not with sufficient 
violence to introduce air bubbles. 

(c) Five breakdowns shall be made on each filling, after which the 
vessel shall be emptied and refilled with fresh oil Lom the original 
sample. The test shall be continued until the mean of the averages 
of at least three fillings is consistent within 10 per cent. 
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REPORT. 


The report shall include the following: 

(a) The volts (r. m.s. value) at each “shot,’’ the average voltage for 
each of the three or more fillings, and the grand average. 

(b) The approximate temperature of the oil at the time of the test. 


Note.—A precision of about 3 per cent may be reasonably expected in 15 tests, 
distributed among three consistent fillings taken in succession. But if the length 
of the gap is readjusted and possibilities of contamination exist, the precision may 
be only 6 or 7 per cent. Differences as great as 10 or 12 per cent may occur 
between different laboratories even where the work is carefully done. 


METHOD 500.11.—CARBON RESIDUE. 
APPARATUS. 


(a) Porcelain crucible, wide form, glazed throughout, 25 to 26 c. ¢. 
capacity, 46 mm. diameter.’? : 

(6) Skidmore iron crucible, 45 
c. c. (14 ounces) capacity, 65 mm. 
in diameter, 37 to 39 mm. high 
with cover, without delivery tubes, 
and one opening closed. 

(c) Wrought-iron crucible with 
cover, about 180 c. c. capacity, 80 
mm. diameter, 58 to 60 mm. high. 
At the bottom of this crucible a 
layer of sand is placed about 10 
mm. deep, or enough to bring the 
Skidmore crucible with cover on 
nearly to the top of the wrought- 
iron crucible. 

(d) Triangle, pipe stem covered, 
projection on side to allow flame 
to reach the crucible on all sides. 

(e) Sheet-iron or asbestos hood 
provided with a chimney about 2 
to 24 inches high, 2} inches in 


diameter, to distribute the heat . 
uniformly during the process. — Ficure 20.—Apparatus for determining carbon 
(f) Asbestos or hollow sheet-iron residue. 


block, 6 to 7 inches square, 1} to 14 inches high, provided with open- 
ing in center 3} inches in diameter at the bottom and 34 inches in 
diameter at the top. 


METHOD OF TESTING. 


The tests shall be conducted as follows: A sample ™ of the oil to 
be tested is weighed in a porcelain crucible, which is placed 
in a Skidmore crucible. These two crucibles are set in a larger 


40 A glazed silica crucible of the same dimensions may be used. 
ul When a carbon residue is not ape rer dep clipe rd area) adobe hy pada if the 
carbon residuce is between 1.5 and 3.0 per cent @ 5-gram sample; if above 3.0 per cent, a 2-gram sample shall 
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iron crucible (Fig. 20), being careful to have the Skidmore crucible set in 
the center of the iron crucible, covers being applied to the Skidmore 
and iron crucibles. Place on triangle and suitable stand with 
asbestos block, and cover with sheet-iron or asbestos hood in order to 
distribute the heat uniformly during the process. 

Heat from a,Bunsen burner or other burner is applied with a 
high flame surrounding the large crucible ¢ until vapors from the 
oil begjn to ignite over the crucible, when the heat is slowed down 
so that the vapor (flame) will come off at a uniform rate. The 
flame from the ignited vapors should not extend over 2 inches above 
the sheet-iron hood. After the vapor ceases to come off, the heat 
is increased as at the start and kept constant for 5 minutes, making the 
lower part of the large crucible red hot, after which the apparatus is 
allowed to cool somewhat before the crucible is uncovered. The 
porcelain crucible is removed, cooled in a desiccator, and weighed. 

The entire process should require one-half hour to complete when 
heat is properly regulated. The time will depend somewhat upon the 
kind of oil tested, as a very thin, rather low flash-point oil will not 
take as long as a heavy, thick, high flash-point oil. 


METHOD 510.1.—REACTION TEST. 


Place 50 c. c. of the sample and 15 c. c. of distilled water in a 150- 
c. c. flask. Warm to 150° F. and shake thoroughly. Allow the 
mixture to cool and transfer 5 c. c. of the aqueous layer to each of 
two test tubes by means of a pipette. Add 1 drop of 1 per cent 
solution of methyl orange to the contents of one tube, and 1 drop of 
a 1 per cent solution of phenolphthalein to the other. No red or 
pink color shall result in either case. 


METHOD 510.2.—ACIDITY IN GASOLINE. 
Norte.—This test is to be made immediately after distillation test 100.12. 


Collect in a test tube the cooled residue from the distillation flask, 
add three volumes of distilled water, and shake the tube thoroughly. 
Allow the mixture to separate and remove the aqueous layer to a 
clean test tube by means of a pipette. Add 1 drop of a 1 per cent 
solution of methyl orange. No pink or red color shall be formed. 


METHOD 510.3.—FREE ACID. 
[A. S. T. M. Method D47-21.] 


METHOD OF TESTING. 


(c) For fatty oils—Accurately weigh 10 grams of the oil into a 
flask, add 50 c. c. of 95 per cent alcohol which has been neutralized 
with weak caustic soda, and heat to the boiling point. Agitate the 
flask thoroughly in order to dissolve the free fatty acids as com- 
pletely as possible. Titrate while hot with aqueous tenth-normal 
alkali, free from carbonate, using phenolphthalein, alkali blue, or 
turmeric as an indicator. Agitate thoroughly after each addition 
of alkali. 

To express results as percentage of oleic acid, use the following 
equation: 
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1 c. c. of tenth-normal alkali = 0.0282 gram of oleic acid. 

Alkali, 1 c. c. of which is equivalent to 0.5 per cent of oleic acid, 
may be used. 

) For mineral oils.—Follow the same method for mineral oils 
except for the alcohol, which should consist of equal proportions of 
distilled water and 95 per cent alcohol. 

In titrating dark-colored mineral oils, the end reaction is better 
observed when alkali blue 6 B. is used as the indicator. 


METHOD 520.1.—SULPHUR IN BURNING OILS. 
[A. 8. T. M. Method D90-21T.) 
APPARATUS. 


Absorber of chemically resistant glass, about 150 c. c. capacity, 
containing glass beads or short pieces of glass rod in the suction 
side as shown. 

Chimney of chemically resistant glass connected with the absorber 
by a rubber stopper. 

Spray trap of chemically resistant glass connected with the 
absorber by a rubber stopper. 

Small lamp of about 25 c.c. capacity. This lamp may conveniently 
consist of a 25 to 35 c. c. Erlenmeyer flask and a cork carrying a 
short section of glass tubing about 4 inch in inside diameter. The 
cork must be grooved along the sides so that air may enter the flask 
while the oil is being consumed. 

Ordinary cotton wicking. ; 

Filter pump or other means for continuous suction and rubber 
tubing to connect with spray trap. 


BOLUTIONS REQUIRED. 


ne ae acid.—Solution containing 2.275 grams HCl per liter, 
carefully checked for accuracy. 

Sodium carbonate.—Solution. containing 3.306 grams Na,CO, per 
liter. Exactly 10.0 c. c. should be required to neutralize 10.0 c. c. of 
the hydrochloric acid solution. 

Methyl orange.—Solution in distilled water, containing 0.004 gram 


methyl orange per liter. 
PROCEDURE. 


Pass two strands of new cotton wicking about 4.5 inches lon, 
through the }-inch diameter wick tube so that they are not twiste 
but parallel in the wick tube. Trim the wick with very sharp 
scissors. Pour into the clean, dry lamp about 20 c. c. of the oil 
to be tested, insert the wick, and cork and weigh the assembly with 
an accuracy of 0.001 gram. It is advisable to make a blank deter- 
mination at the same time and under the same conditions by burning 
sulphur-free alcohol in a similar lamp. 

ines the absorber containing the glass beads thoroughly with dis- 
tilled water and add exactly 10.0 c. c. of the standard sodium carbon- 
ate solution from an accurately calibrated burette, allowing the 
burette to drain for 3 minutes belons the reading is taken. Rinse 
the chimney and the spray trap with distilled water, dry the chimney, 
and connect both to the absorber as shown in Figure 21. Set up 
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the apparatus for the blank determination in exactly the same man- 
ner, using exactly 10.0 c. c. of the sodium carbonate solution. Apply 
gentle suction to both absorbers, light both the weighed oil lamp 
and alcohol lamp, and then place in position under the chimneys, 
so that the tops of the wick tubes extend into the chimneys not 
more than 7s inch. Adjust the wick height and the suction so 
that the flame’ is steady, free from smoke, and approximately 
} inch high. This requires that the wick be flush with the top 
of the wick tube for naphthas and a little higher for iluminatin 

oils. The room must be free from drafts. The suction on the blank 
should be so adjusted that air is drawn through both determinations 
at the same rate. Continue burning for about 2 hours, or less if 
the sulphur content of the oil is high. During this time the oil should 
be consumed at the rate of about 1 gram per hour. 

Extinguish the flames and stop the suction on both absorbers. 
Weigh the oil lamp immediately and calculate by difference the 
weight of oil consumed. Working with the blank first, disconnect 
the spray trap and chimney and wash them thoroughly with the 
methyl orange solution, using a wash bottle with a very fine jet and 
collecting the washings in the absorber. The amount of solution 
required for washing should not exceed 35 c. c. Carefully titrate 
the very faintly yellowish solution in the absorber with standard 
HCl, added to the suction side of the absorber from an accurately 
calibrated burette. During this titration the contents of the absorber 
should be agitated carefully, either by blowing through a rubber tube 
held between the operator's lips and connected at the other end with 
the chimney side of the absorber or else by the use of a suitable 
rubber syringe bulb. As the end point is approached, draw the 
liquid back into the chimney side between each addition of acid 
and then blow it into the suction side, agitating as before. As soon as 
the first permanent pink color appears the end point has been reached. 
Read and record the volume of HCl solution used. 

Rinse the chimney and spray trap used in the actual determination 
into the absorber to which they were connected, exactly as prescribed 
for the blank. If the methyl orange solution in the absorber has a 

ink color, too much oil has pian burned and the determination must 
be repeated, burning for a shorter time. _Titrate just as in the blank, 
making sure that the absorber is cold. Read and record the volume 
of HCI solution required. ; 

Calculate the sulphur content of the oil by substituting the proper 
values in the following formula: 


Berentanaeledlphane (HCI for blank, c.c. — HCl for sample, c.c.) X 0.1 


grams of oil burned. 
If blank is not run, the formula is: 


_ (Na,CO,, c. c.— HCl, c. ©.) X0.1 
P ercentage of sulphur = "grams of oil burned. 

These formulas are correct only for the standard solutions specified, 
1 c. c. of each being equivalent to 0.001 gram of sulphur. The use 
of solutions of other strength, such as N/10, involves more compli- 
cated calculation and is not advisable. 
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FIGURE 21-—Apperatus for determination of sulphur in oils (A. S. T. M.): a, Suction tube; }, top of 
glass cap in place; c, annealed ; d, part section of glass burner; e, glass burner. 
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METHOD 520.21.—SULPHUR IN FUEL OI. 
[A. S. T. M. Method D129-227.] 
APPARATUS. 


1. The oxygen bomb shall have a capacity of not less than 300 c. c. 
and shall be of a design or construction such that no leaks shall occur 
at any pressure or temperature generated during the test, and such 
that when the bomb is open the liquid contents can be easily and 
completely drained. The inner saintass shall be of materials that 
are chemically and physically resistant to the process or products of 
combustion. The Jaskots insulating materials, etc., shall be, as far 
as pases: physically and cheney resistant and in no event 
shall they undergo any reaction which would increase or decrease 
the sulphur content of the bomb liquors. 

2. The oil cup shall be of platinum, glazed silica, or other suitable 
material, with a capacity of not less than 2.5 c. c. nor more than 
5c. c. 

3. If a platinum oil cup is used, the fuse wire shall be of platinum; 
if a Saeed: silica oil cup is used, the fuse wire may be of either plati- 
num oriron. No. 35 (B. and S. gage) is a convenient size. 

4. (a) The distilled water and ait reagotite should be sulphur free, 
but when it is necessary to employ reagents not sulphur free, blanks 
shall be run and the figures thus obtained used to correct the results 
of actual determinations. 

(b) The barium chloride solution shall contain 100 grams of BaCl,. 
2H,0 per liter. 


PROCEDURE. 


5. (a) Twenty cubic centimeters of distilled water shall be placed 
in the bottom of the bomb. From 0.6 to 0.8 gram of the oil to be 
tested shall be placed in the weighed oil cup and the weight of this 
charge shall be determined to an accuracy of at least + 0.002 gram. 
The cup shall be placed in the proper position in the bomb, the igni- 
tion mechanism arranged and the bomb closed. Oxygen shall be 
admitted slowly until a pressure is reached as eidicutad by the fol- 
lowing table: 


Capacity of Minimum gage 
bomb, c. ¢. pressure, atmospheres, 
300 10360. o een eek cee chess ccassedense cen tte so lotetessantsetscseses 40 
SOUS OO == Ei oe ea oss Sesr esas panel alee ene taaecemaneanees 35 
4000400. ood swede ne gan ances e ade da Sagenidate aab cutikaeauencled 

450: 40°D00L. 2 oa Gao, Gatto Gack cwactekes Ls Gece Bhs i Sesass 27.5 
Above:b00: <oic25 2eceses so ccmecstacssessnccues seoesssuscerqeesets 5 


The leads from the firing circuit shall be attached, the bomb placed 
in a bucket of cold water, and ignited. The bomb shall be allowed 
to stand in the water for 10 minutes and shall then be removed. 
The valve of the bomb shall be opened, allowing the gas to escape 
at an approximately even rate so that the pressure is reduced to 
atmospheric in not less than 1 minute. The bomb shall be opened, 
and arts of its interior, including the oil cup, rinsed with a fine 
jet of distilled water. All washings, which should not amount to 
more than 350 c. c., shall be collected in a beaker. Particular care 
should be taken not to lose, by splashing or otherwise, any of the 
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liquid contents of the bomb. The washings shall be filtered through 
a washed “qualitative” filter paper. The filter shall be washed 
thoroughly. Two. c. of concentrated HCl and 10 ¢. c. of saturated 
bromine water shall be added to the filtrate. The solution shall be 
evaporated to about 75 c. c. on a steam bath or hot plate. Ten 
c. c. of hot barium chloride solution shall be added in a fine stream 
or dropwise to the hot solution, stirring during the addition and for 
2 minutes afterwards. The solution shall be allowed to stand over- 
night, or shall be kept hot for 1 hour on the steam bath or hot 
late, allowing the precipitate to settle for another hour while cooling. 
he supernatant liquid shall be filtered through an “ashless quanti- 
tative’ filter paper and the precipitate washed with water, first by 
decantation, then on the filter, till free from chloride. The paper 
and precipitate shall be transferred to a suitable weighed crucible, 
died at low heat till moisture is evaporated, the paper charred 
(without flaming), and finally ait at a good red heat till the pre- 
cipitate is just burned white. satisfactory means of accomplishing 
these operations is to place the crucible containing the wet filter 
aper in a cold electric muffle furnace and to turn on the current. 
Paying charring, and ignition will usually occur at the desired rate. 
(6) After ignition is complete, the crucible shall be allowed to cool 
to room see perenity and weighed. The use of a desiccator is not 
recommended. 
(c) From the increase in weight of the crucible the percentage of 
sulphur shall be calculated from the formula: 


_ grams of BaSO, x 13.734 
Percentage of sulphur= grammnot oilrased: 


6. Duplicate determinations should agree to +2 per cent on the 
basis of the sulphur found. 


METHOD 520.3.—DOCTOR TEST (SODIUM PLUMBITE). 


PREPARATION OF REAGENTS. 


(1) Sodium plumbite (doctor solution).—Dissolve approximately 
125 grams of sodium hydroxide (NaOH) in 1 liter of distilled water. 
Add 60 grams of litharge (PbO) and shake vigorously for 15 minutes 
or let stand with occasional shaking for at ‘iaast a day. Allow to 
settle and decant or siphon off the clear liquid. Filtration through 
a mat of asbestos spe be employed if the solution does not settle 
clear. The solution should: be kept in a tightly corked bottle and 
should be refiltered before use if not perfectly clear. 

(2) Sulphur.—Pure, dry flowers of ailphur. 


MAKING OF TEST. 


Shake vigorously together in a test tube 10 c. c. of the sample 
to be tested and 5 c. c. of sodium plumbite solution for about 15 
seconds. Add a small pinch of flowers of sulphur, again shake for 
15 seconds, and allow to settle. The quantity of sulphur used should 
be such that practically all of it floats on the interface between the 
sample and the sodium-plumbite solution. - 
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INTERPRETATION OF RESULTS. 


If the sample is discolored, or if the yellow color of the sulphur 
film is noticeably masked, the test shall be reported as positive and 
the sample condemned as “sour.” If the sample remains unchanged 
in color, and if the sulphur film is bright yellow or only slightly 
discolored with gray or Kocked with ‘ask, the test shall be reported 
negative and the sample considered “sweet.” 


METHOD 530.1.—CORROSION TEST (COPPER DISH). 
APPARATUS. 


A freshly peeied hemispherical dish of spun copper approxi- 
mately 34 inches in diameter. 


MAKING OF TEST. 


Place 100 ¢. c. of the gasoline to be examined in the dish and place 
the dish in an opening of an actively boiling steam bath, so that the 
steam comes in contact with the outer surface of the dish up to the 
level of the gasoline. Leave the dish on the steam bath until all 
volatile material has disappeared. 


INTERPRETATION OF THE RESULTS. 


If the gasoline contains dissolved elementary sulphur or corrosive 
sulphur compounds, the bottom of the dish will be colored gray or 
black. 

If the gasoline contains undesirable gum-forming constituents, 
there will be a weighable amount of gum deposited on the dish. 
Acid residues will show as gum in this test. 


METHOD 530.21.—CORROSION TEST AT 122° F. 
[A. 8. T. M. Method D130-22T, Copper Strip.] 


1. This method of test shall be used for the detection of free 
sulphur and corrosive sulphur compounds in gasoline. 

2. A clean strip of mechanically polished pure sheet copper about 
$ inch in width and 3 inches in length shall be placed in a suitable 
clean tube or sample bottle. Gasoline under test shall be added 
so that the copper strip is completely immersed. The test tube or 
sample bottle shall be closed with a loosely fitting cork and held in a 
suitable bath at 122° F. (50° C.). 

At the end of 3 hours the gasoline-exposed strip shall be removed 
and shall be compared with a similar strip of freshly polished copper. 

3. The presence of sulphur or corrosive sulphur Serononnes is 
indicated by the corrosion or discoloration of the gasoline-exposed 
strip when compared with the fresh copper strip. 

4. (a) Gasoline shall be reported as passing the test when on 
examination the exposed strip shows no discoloration as compared 
with the fresh copper strip. 

(b) Gasoline shall be reported as not peaine the test when on 
examination the exposed strip shows discoloration as compared with 
the fresh copper strip. 


Google 


SAPONIFICATION NUMBER. 87 


METHOD 530.31.—CORROSION TEST AT 212° F. 
[Copper Strip.) 


Place a clean strip of mechanically polished pure sheet copper 
about 4 inch wide and 3 inches long in a cleay test tube. Add 
enough of the sample to be tested completely to cover the strip. 
Close the tube with a vented stopper and hold in a thermostat for 
- 3 hours at 212° F. Rinse the copper strip with  sulphur-free 
acetone and compare it with a similar strip of freshly polished copper. 
Discoloration or pitting indicates corrosion. 


METHOD 540.1.—SAPONIFICATION NUMBER. 
{[A. S. T. M. Method D94-21T.] 
SOLUTIONS REQUIRED. 


Alcoholic solution for saponification.—Dissolve 58 grams of potas- 
sium hydrate “ purified by alcohol” in 500 c. c. of 95 per cent purified 
ethyl alcohol. Allow the solution to settle in a dark place. Draw off 
the clear solution or filter through an asbestos filter and make up to 
1 liter with 95 per cent alcohol. The solution so prepared shall stand 
at least 20 hours before it is standardized. 

Alcohol.—Purify 95 per cent ethyl alcohol with silver oxide in the 
following manner: 

Dissolve 1.5 grams of c. p. silver nitrate in about 3 c. c. of water, 
add to 1 liter of alcohol in a glass-stoppered bottle, and mix thor- 
oughly. Dissolve 3 grams of potassium hydrate (by alcohol) in 10 
to 15c. c. of warm alcohol. After cooling, add slowly to the alcoholic 
silver nitrate solution, stirring slightly. Allow the precipitated sil- 
re pad to settle, siphon off the clear solution, and distill on a steam 

ath. : 

Standard hydrochloric acid solution.—One-half normal solution. 

Phenolphthalein solution.—One gram phenolphthalein in 100 ec. c. 
alcohol and water. 

APPARATUS. 


The saponification shall be carried out in a wide-mouthed flat- 
bottom extraction flask, or Erlenmeyer flask, of 250 to 300 c. c. 
capacity, fitted to a reliable condenser properly connected with a 
good cork. The boiling shall preferably be carried on by means of 
an electric hot plate. : 


BLANK DETERMINATION. 


Determination shall be made in duplicate in the alcoholic potash 
solution in the following manner: 

Measure accurately into the flask 25 c. c. of alcoholic potash solu- 
tion from a calibrated pipette. The tip and outside of the pipette 
shall be wiped off with a clean filter paper before the solution is 
delivered, then rinsed out with 25 c. c. of neutral alcohol. If a 
standard burette is used, allow 60 seconds total time for drawing and 
draining. Connect the flask to a suitable condenser and boil for 3 
hours. Before disconnecting the flask wash out the condenser with a 
few cubic centimeters of neutral alcohol; if a Soxhlet is used as the 
condenser the tip shall be washed off into the flask. Titrate while 
hot with N/2 HCl, using 3 drops of phenolphthalein as indicator. 
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The total number of cubic centimeters of N/2 HCl required for the 
blank represents the strength of the alcoholic potash solution. 


PROCEDURE. 


For straight fats or oils use 2 or 3 grams of the material, for oils 
containing over 30 per cent of fatty oils use about 5 grams, and for 
oils containing less than 30 per cent of fatty oils use about 10 grams. 

Weigh the oil accurately, by difference, from a small beaker into 
the saponification flask. Add 25 c. c. of alcoholic potash solution 
and 25 ¢. c. of neutral alcohol in the same manner as for the blank, 
connect to the condenser, and boil for 3 hours. Titrate while 
hot. Calculate the saponification number from the difference be- 
tween the number of cubic centimeters of N/2 HCl required for the 
determination and the average of the two blanks, using the formula: 


difference, cubic centimeters x 28.05 


Saponification number = weight of oil, grams. 


Petrolic ether may be used with compounded cylinder oils in the 
quantity of 50 c. ¢., providing a Soxhlet extraction flask is used to 
collect this petrolic ether periodically. The Soxhlet flask should 
be so adjusted, through the addition of glass rodding or beads when 
ReReSeary that it will just overflow with the full quantity of petrolic 
ether. 

The percentage of fatty oil (or fat) in a compounded petroleum 
product can be calculated from the saponification number of such 
a product only when the saponification number of the fatty oil is 
known. If the saponification numbers of both fatty oil and com- 
pounded oil are known, the following formula should be used: 


100 x saponification number of compounded oil 


Percentage of fatty: oil saponification number of fatty oil. 


For this determination the following values of saponification num- 
ber may be used (see method 540.2): 


Saponification Saponification 
Fatty oil. number. Fatty oil. number. 
Lardvoil .2asenascnecaccecs 192-198 | Soya bean__-_--_-_---.--_- 189-197 
Tallow. -.2s222 s.coescce ce 193-198 | Peanut._._-..-----------_-_- 186-197 
Neat’s-foot___..----.------ 193-204 | Cottonseed___------------- 191-197 
Wishic = 2 oho ee ee 140-193 | Blown rapeseed_-_----------- 195-216 
Bios AS 120-140 | Blown cottonseed__-._...... 210-225 
esst sSaceace 176-187 egras.......-------------- 110-210 
weae se zehas 170-179 


METHOD 540.2.—FATTY OIL. 


The percentage of fatty oil shall be calculated from the saponifica- 
tion number (method 540.1) by means of the following formula: 


-, 100 Xsaponification number of the sample 
Percentage of fatty oil= saponification number of fatty oil. 


The saponification number of the fatty oil used in compounding 
shall be assumed to be 195, unless the manufacturer of the sample 
under examination submits an affidavit stating the kind of fatty oil 
used and its saponification number. 
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METHOD 550.2.—UNSATURATION IN TRANSFORMER OIL. 
APPARATUS. 


(1) A 25-c. c. glass-stopped cylinder, graduated to 0.2 c. c. 
(2) A graduated burette. 


MAKING OF TEST. 


Measure out 15 c. c. of the sample in the glass cylinder, cool in ice 
water for 5 minutes, add from the burette 10 c. c. of ¢. p. sulphuric 
acid of 1.84 specific gravity, and again cool in ice water for 10 min- 
utes. Tightly stopper the cylinder and shake violently for 15 sec- 
onds; again place in ice water until thoroughly cool and shake vio- 
lently for 1 minute. After this has stood 5 minutes remove the 
stopper, place the cylinder in a suitable centrifuge, and whirl until 
the oil becomes clear and no longer increases in volume. Allow to 
stand until it comes to room temperature and note the volume of the 
oil absorbed by the sulphuric eid. Calculate the per cent for the 15 
c. c. of original oil, and report as percentage of unsaturation. 
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